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ADVERTISEMENT. 



The following pages were written at the request of the 
Publisher,* in consequence .of the very numerous applications 
he had received for a book upon this subject. In doing this, 
it was suggested that, in addition to explaining the method of 
taking levels in the field, and afterwards transferring them to 
paper in the form of a section, I should add an example of 
their application to practical purposes: I have accordingly 
inserted an example of road-work, wherein the necessary cal- 
culations of earth-work are shown, and worked out in full, both 
by the Prismoidal Formula, and the shorter process by the 
use of the Tables of Mr. Macneillf; and, as in a manner 
connected with the subject, it was also suggested that I should 
add some particulars upon the choice of a line of direction 
through a country for a road or railroad, preparatory to taking 
levels. In conclusion, I have given an abstract of the late 
Mr. Telford's rules for making and repairing roads, as con- 
tained in full in the valuable work of * Sir Henry ParneU on 
Boads.' 

F. W. S. 



♦ The late Mr. Weale. 



t Now Sir John MacneiU. 



ADVERTISEMENT TO THE FIFTH EDITION. 



This work having been out of print for some time, and 
numerous enquiries having been made for it, the present 
Publishers have decided to reprint it in the same form. They 
have not done this, however, without submitting it to a 
searching revision, which has led to the detection and correction 
of several important errors. It is believed that this has added 
considerably to the value of the book. 

March 1866. 
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ON 



LEVELLING 



PART I. 



ON THE PRINCIPLES OF LEVELLING. 



Levelling is the art of tracing a line at the surface of 
the earth which shall cut the directions of gravity every- 
where at right angles. If the earth were an extended 
plane, all lines representing the direction of gravity at 
every point on its surface would be parallel to each other ; 
but, in consequence of its figure being that of a sphere or 
globe,* they everywhere converge to a point within the 
sphere which is equi-distant from all parts of its surface ; 
or, in other words, the direction of gravity invariably 
tends towards the centre of the earth, and may be con- 
sidered as represented by a plumb-line when hanging 

* The figure of the earth is not exactly that of a sphere, but of 
an oblate spheroid flattened at the poles ; the length of the equa- 
torial diameter being 7924 miles, and that of the polar diameter 
7898 miles. For our present purpose, it is sufficiently correct to 
consider it as a sphere. 

B 
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freely, and suspended beyond the sphere of attraction of 
the surrounding objects. 
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In the above diagram let the straight line A B repre- 
sent the surface of the earth, upon the supposition of its 
being an extended plane, the direction of gravity at the 
points A, I, and B, would be represented by the lines 
A C, I D, and B E, all parallel to each other, and at right 
angles to the horizontal line A B. Now if the surface 
was undulatorj^, as shown by the curved line A B, and it 
was required to make a section representing it; an 
instrument capable of tracing out a line parallel to the 
horizontal line A B (as a spirit level), might be set up 
any where on the surface, as at I, and staves being 
placed or held along the line, as at a, 5, c, d^ &c., the 
diflferent heights above the ground where such staves 
w^e intersected by the line so traced out, would at once 
show the relative level of all those points, with regard to 
the horizontal line, as a datum or standard of com- 
parison. 

But as the earth is a globe, its circumference must be 
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circular, as I K L in the annexed figure ; the straight 
line A B will therefore not represent the surface of the 




earth, but the sensible horizon of an observer stationed 
at the point I, to which point it is a tangent, being at 
right angles to the radius of the circle (or semi-diameter 
of the earth), I C. A line which is parallel to the 
sensible horizon of the observer, is the line traced out by 
our spirit-levels ; it is parallel to a tangent to the earth's 
surface at that point only where the instrument is set 
up, — ^thus A B is a tangent at I, and D E a tangent at F ; 
such being the fact, the difference of level between any 
two points cannot be determined by simple reference to 
a horizontal line, since every point on the surface of the 
globe (however near to each other) has a distinct horizon 
of its own. 

If the earth were everywhere surrounded by a fluid 
at rest, or that its surface was smooth, regular, and 
uniform, every point thereon would be equally distant 
from the centre ; but in consequence of the undulating 
form of the surface, places and objects are differently 
situated, some further from, and others nearer to, the 
centre of the earth, and consequently at different levels. 

B 2 
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The operation of levelling may therefore be defined as 
the art of finding how much higher or lower any one 
point is than another, or, more properly, the diflference 
of their distances from the centre of the earth. 

Referring to our last figure, we have seen that the line 
A B is a true horizontal or level line at the point I, but 
being produced in the direction A or B, rises above the 
earth's surface ; and although it may appear to be level 
as seen from I, yet it is above thd true level (which is 
represented by the circumference of the circle) at every 
other point, and continues to diverge from it the further 
it is produced ; at G, the apparent line of level, as the 
horizontal line A B is called, is above the true level, by 
the distance G H, and at M by the distance M N, the 
difference being equal to the excess of the secant of the arc 
of distance above the radius of the earth. 

The difference, G H, or M N (see last figure), be- 
tween the true and apparent level may be thus found : 
put t in the adjoining diagram for the tangent I H, r for 




the radius C I of the earth, and x for G H, the excess of 
the secant of the arc of distance above the radius ; I H 
being considered as equal to I G ; then 
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Cr+^)»=r'+i» 


r''+2rx+x^=r-i 


&ai2rx+ifl=fl 


0T(_2r+x)x=P 



But because the diameter of the earth 2 r is so great 
with respect to the quantity (x) sought, at all distances 
to which a common levelling operation usually extends, 
that 2r + a; without sensible error may be replaced by 2r, 
we then have 

2rx=fi 
and »=2-* 

Or in words: The difference (x) between the true and 
apparent level is equal to the square of the distance {f) 
divided by the diameter of the earth (2r), and con- 
sequently is always proportional to the square of the 
distance. 

The mean diameter of the earth is 7916 miles, and 
the excess of the apparent above the true level for one 
mile o- = 7 fl J^ i fl of a nule, or 8'004 inches. At two 
miles, it is four times that quantity, or 32*016 inches; 
at three miles, it is nine times that quantity, or 72*036 
inches ; and so on increasing in proportion to the square 
of the distance. If we reject the decimal -004, and 
assume the difference between the true and apparent 
level for one mile to be exactly eight inches, or two- 
thirds of a foot, there arises the following convenient 
form for computing the correction of level due to the 
curvature of the earth, for distances given in miles, 
which may easily be remembered : 
2 D» 
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D being the distance in miles. Or in words: Two- 
thirds of the square of the distance in miles will be the 
amount of the correction in feet 

Example. 

From a point on the Folkstone road, the top of the 
keep of Dover Castle was observed to coincide with the 
horizontal wire of a levelling telescope when adjusted for 
observation, and therefore was apparently on the same 
level; the distance (D) from the instrument to the 
Castle was four miles and a half: consequently, 

D^ = 20-25 

2 !>• = 40-50 

2J9« 

— g- = 13*5 feet, the correction required. 

From this it appears, that the keep of Dover Castle 
was 13-5 feet higher than the centre of the telescope on 
the Folkstone road ; but on account of the curvature of 
the earth, it was apparently depressed to the same level. 

But the eflfect of the earth's curvature is modified by 
another cause, arising from optical deception; namely. 
Refraction. An object is never seen by us in its true 
position, but in the direction of the ray of light which 
conveys the impression or image of the object to our 
senses. Now the particles of light, in traversing the 
atmosphere, are, by the force of superior attraction, 
refracted or bent continually towards the perpendicular 
as they penetrate the lower or denser strata ; and conse- 
quently they describe a curved track, of which the last 
portion, or its tangent, indicates the apparent elevated 
situation of a remote point. This trajectory, suffering 
ahnost a regular iaflexure, may be considered as very 
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nearly an arc of a circle, which has for its radius seveil 
times the radius of our globe ; in consequence of which, 
the distance at which an object can be seen by the aid of 
refraction, is to the distance at which it could be seen 
without that aid, nearly as 14 to 13, the refraction 
augmenting the distance at which an object can be seen 
by about a thirteenth of itself. Hence, to correct the 
error occasioned by refraction, it will only be requisite 
to diminish the effects of the earth's curvature, or 
height of the apparent above the true level, by one- 
seventh of itself. Thus for our example of Dover 
Castle, f of 13-5, or l^ = 1-93 feet nearly, to be 
substracted from 13*5, which leaves 11*57 feet for the 
height of Dover Castle above the level of a certain point 
on the Folkstone road. 

The following Tables show the reduction of the ap- 
parent to the true level, both for the curvature of the 
earth only, and also for the combined effects of curva- 
ture and refraction. The first gives the corrections 
corresponding to distances expressed in miles, and the 
second for distances in chains. 
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Table of the Difference of the Apparent and True Level for 

Distances in Miles. 



» 


CORRECTION. 


Distance 
in 










Miles. 


Cmrature. 


duratnre and Refraction. 




feet. inches. 


feet. inches. 


X 


0-5 


0-4 


1 


20 


1-7 


i 


4-5 


3-9 


1 


80 


6-9 


2 


2 8-0 


2 3-4 


8 


6 00 


5 1-7 


4 


10 8-1 


9 1-8 


5 


16 81 


14 3-5 


6 


24 0-1 


20 70 


7 


32 8-2 


28 0-2 


8 


42 8-3 


36 71 


9 


54 0-3 


46 3-7 


10 


66 8-4 


57 21 


11 


80 8-5 


69 2-1 


12 


96 0-6 


82 3-9 


13 


112 8-6 


96 7-4 


14 


130 8-8 


112 07 


15 


150 0-9 


128 7-6 


16 


170 90 


147 2-3 


17 


192 9-2 


165 2-7 


18 


216 1-3 


185 2-8 


19 


240 9-4 


206 4-7 


20 


2m 9-6 


228 8-2 



ON LEVELLING. 



9 



Table of the Difference of the Apparent and True Level for 

Distances in Chains. 



Distance 


COREECTION. 






in 


Cuiratnre in decimals 


Curvature and Kefraction 


Chains. 


of feet. 


in decimals of feet. 


1 


•000104 


•000089 


2 


•000417 


•000358 


3 


•000938 


•000804 


4 


•001668 


•001430 


5 


•002605 


•002233 


6 


•003752 


•003216 


7 


•005107 


•004378 


8 


•006670 


•005717 


9 


•008442 


•007236 


10 


•010422 


•008933 


11 


•012610 


•010809 


12 


•015007 


•012863 


13 


•017613 


•015097 


14 


•020427 


•017509 


15 


•023450 


•020100 


16 


•026680 


•022869 


17 


•030120 


•025817 


18 


•033767 


•028943 


19 


•037623 


•032248 


20 


•041687 


•035732 


21 


•045960 


•039394 


22 


•050442 


•043236 


23 


•055132 


•047259 


24 


•060031 


•051455 


25 


•065137 


•055832 


26 


•070452 


•060388 


27 


•075975 


•065121 


28 


•081708 


•070036 


29 


•087648 


•075127 


30 


•093798 


•080399 
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The correction for distances greater than those given 
in the latter Table may be computed by the following 
rule, the same by which the Table itself was computed : 

Rule To the arithmetical complement of the logarithm 

of the diameter of the earthy or 2*3788603, add dovhle 
the logarithm of the distance in feet^ the sum will he the 
logarithm of the correction for cw^ature in feet and 
decimals ; from which^ if one-seventh of itself be svh- 
tracted, the result will be the combined correction for 
curvature and refraction. 

The practice of levelling is one of the most delicate 
operations that fall within the province of a surveyor, 
requiring the utmost possible circumspection to avoid 
the numerous sources of error to which he is liable. 
More especially, as it is seldom possible for him, after 
levelling over a long tract of country, to conjecture in 
what portion of the work his error lies, if he should 
then find that he had been so unfortunate as to commit 
any, and, not unfrequently in such cases, sufficient time 
cannot be spared to go over the groimd again ; as, for 
instance, when a section is required within a very limited 
time to produce before a parliamentary committee, 
either to support or oppose any measure submitted to 
their consideration. We have witnessed an instance 
where such a committee, during their inquiry into the 
merits of a certain proposed line of railroad, had 
brought before them a rival contemplated line with pre- 
tensions to great superiority ; but it had been so hastily 
surveyed, that the learned counsel who had the sup- 
porting of the measure, acknowledged, in his opening 
address, that a trifling error at some unknown part of 
the line had been detected, which did not exceed fifty 
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feet. We hardly need add, that the rival line was 
rejected. 

The importance of extreme accuracy may also be felt, 
when it is known that from the section, the engineer has 
to make his calculations of the quantity of earthwork, 
in cuttings and embankments, necessary to carry into 
execution the intended measure, whether of a canal, a 
railway, or turnpike r.oad, and of course the accuracy of 
the estimated expense is involved in it ; and further, the 
fitness of the ground itself for such works is determined 
from the section ; that is, whether the inclinations, 
which the imdulations of the ground admit of being 
introduced, are suitable for the purpose either of a 
railway or turnpike road. And if the object be the 
formation of a canal, the section must show what extent 
of lockage will be required ; not only affording a key to 
the expense, but also the possibility of its execution. 
We do not throw out these suggestions to alarm the 
mind of the young beginner, by bringing before him a 
fearful responsibility, but that he may understand the 
ultimate object of his labours, and to induce him, by 
carefulness and attention, to merit that confidence which 
is sure to be reposed in those who are known to possess 
such habits. 



LEVELLING INSTRUMENTS. 



It is essential to the good execution of work, that the 
surveyor should possess instruments most proper for the 
purpose, and of the best construction. Upon the 
subject of instruments, we shall generally refer the 
reader to a cheap work, entitled, " A Treatise on the 
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principal Mathematical Instruments employed in Sur- 
veying, Levelling, and Astronomy, explaining their 
construction, adjustments, and use ; " where the various 
kinds of spirit-levels, and levelling staves, together with 
the method of performing their several adjustments, &c., 
are minutely detailed, and represented by engravings ; * 
and as the work alluded to contains also a similar 
account of the most important instruments used in 
surveying and astronomy, and has had an extensive 
sale, we presume it to be in the hands of most begin- 
ners in the profession; we shall, however, give some 
particulars in this place, and annex a description of the 
cause o^ and a remedy for, the parallax between the 
wires of a levelling t»elescope, and the levelling staves, 
which is the cause of much annoyance to observers. 

SPIRIT-LEVELS. 

The Y level^ so called from the supports in which the 
telescope rests, resembling in shape the letter Y, is the 
oldest construction of the spirit-level now in use : its 
adjustments are convenient to be performed, but, On the 
other hand, this kind of instrument seldom retains its 
adjustments perfect for any length of time ; besides, 
there are conditions in its construction which are 
assumed to be perfect, but which practical men know 
to present difficulties in the manufacture. The use of 
this instrument is now very much superseded by those 
of modern construction. 

TroughtorHs Improved Level. — This instrument has 

* Also a Work published by Mr. Weale, on Drawing Instruments, 
with Instructions for Field Work, in 12mo., price 3*. 6d, 
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been a very general fevourite among engineers for a 
length of time: its construction renders its adjustments 
much more permanent than those of the Y level, and it 
is altogether a more stable instrument. The telescope, 
which, in the former instrument, is capable of reversion 
on its supports, for the adjustment of the line of colli- 
mation, is, in Troughton's construction, firmly fixed in 
its place, as is also the glass tube of the spirit bubble. 
The verification and correction of the adjustments are 
performed very differently, and may at first appear more 
complex and difficult than those of the other ; yet when 
a, person has once mastered and become familiar with 
his instrument, these apparent difficulties vanish. 

The Dumpy Level. — This modification of the spirit- 
level has but recently been introduced by William 
Gravatt, Esq., and bids fair to become the fiivourite 
instrument among civil engineers. In its general figure 
it does not difi'er very essentially from the level last 
spoken of, but it possesses many decided advantages. 
The aperture of the object glass is much larger for the 
same length of telescope ; consequently more rays of 
light are admitted to the eye, producing the advantages 
of greater distinctness. We lately tried a fourteen-inch 
level, constructed upon Mr Gi-avatt's principle, and 
found that we could distinctly read the levelling-staff at 
twenty chains (a quarter of a mile) distant, which was 
the utmost we could do with a twenty-inch level upon 
the old construction : we have, therefore, the advantage 
of a more portable instrument, fourteen inches in length, 
capable of performing the same work as a more cumber- 
some one of twenty inches. Besides this advantage, the 
instrument in question is more complete in its details. 
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It possesses a cross level, placed at right angles to the 
principal level, which affords very great fiacility in setting 
up the instrument, and adjusting for observation, as 
will be hereafter described ; it likewise has a reflecting 
mirror, mounted with a hinge joint, and capable of being 
placed on the principal level tube, and adjusted, to show 
the observer if the instrument shifts from its horizon- 
tality whilst he is noting the observation : it also possesses 
other important though minor additions, all of which, in 
fact, could be applied by the maker to the other kind of 
instruments, if ordered, and for the particulars of which 
we refer to the work before alluded to. 

From the large aperture and short focal length of the 
telescope, the instrument has altogether a dumpy appear- 
ance, and hence it is generally known by the cognomen 
of " Gravatt's Dumpy Level:" usually of nine or four- 
teen inches. We have seen some beautiful specimens of 
this kind of levelling instrument constructed for 1. K. 
Brunei, Esq. 



LEVELLING STAVES. 

In the Treatise on Mathematical Instruments, will be 
found a description of the^ different kinds of levelling 
staves in use. The former construction, even as im- 
proved by Troughton, was decidedly defective in practice, 
inasmuch as the staff had to be read off by the assistant, 
who had then to communicate the result to the observer ; 
or, if he was not sufficiently intelligent to be intrusted 
with so responsible a duty, he was obliged, after the 
observation was made, to carry the staff to the observer^ 
or wait for him to come and read off the height of the 
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vane,' and register it in his field-book. This occasioned 
great loss of time and uncertainty in the results, for the 
vane on the stafi^ might possibly be shifted in the mean 
time. We remember an instance of an ignorant attendant 
holding the staff upside down, which at once intro- 
duced an error of several feet in the result^ To obviate 
this, anew staff has been contrived, originally , we believe, 
by Mr. Gravatt, and subsequently by Mr. Hennett, Mr. 
Bramali, Mr. Sopwith, &c., each varying the mechanical 
arrangements, but all agreeing in retaining the main 
advantage, viz. a sufficiently distinct graduated face for 
the observer to read off the quantities himself through 
the telescope of his instrument: the sliding vane is 
therefore dispensed with, and the only dependaace to be 
placed on the staff-holder is, that he may hold it perpen- 
diculai'ly. To assist him in this, a small plummet is 
suspended in a groove cut out in the side of the staff, by 
which its verticality can be determined in one direction, 
and the observer himself can detect if it be held aslant 
in the other direction, as may be understood from the 
diagram at page 21, which represents the staff £ as it 
appears in the field of the telescope, which shows objects 
inverted. K the staff be held perpendicularly, it will 
appear between and equally distant from each of the two 
vertical wires c d fixed in the telescope ; consequently, if 
it be held aslant, it wiU cross the wires obliquely, and 
any want of verticality in the staff will be immediately 
detected, and the observer must signal to the staff-man 
accordingly. The advantages irom the use of the modern 
staves, over those of the old construction, are so great, 
especially in saving of time, that we have no doubt of 
their general adoption. 
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THE IBON TRIPOD. 




Another instrument of simple construction is repre- 
sented in the above figure : its use is to rest the staff 
upon when held at any station. By this means the staff 
is sure to be kept on the same spot, and at the same 
height from the ground, while the observer is reading the 
staves both at the back and forward station on each side 
of the spirit-level : it is at present not generally used, 
but we consider it of more importance than is usually 
attached to it. It consists of a triangular piece of sheet 
iron, of about one-tenth of an inch in thickness, having 
the comers turned down to form the feet of the tripod, 
which are to be pressed into the ground by the foot of 
the staff-holder; a rounded piece of iron is riveted on 
the upper surface, to present a clean spot to rest the 
staff upon when held at the station ; the chain with the 
attached ring is for the convenience of the staff-holder in 
lifting it from the ground, and carrying it from station 
to station. 

THE MEASURING CHAIN. 

In levelling operations it is in most cases necessary 
to note the relative distances of the staves from each 
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Other, from the spirit-level, or from some given point or 
place, otherwise no section of the ground levelled over 
can be made. For this purpose a measuring tap*e may 
be employed where the distances are short, but in most 
cases the means employed is a chain ; the one commonly 
used is 4 poles in length, called Gunter's chain, which is 
divided into 100 links of 7*92 inches each. In many 
cases, however, this wiU not be found so convenient as 
the use of a chain with links of 1 foot in length ; but 
there is a practical inconvenience attending these long 
links where the ground is rough and uneven, as the links 
are likely to get bent in being drawn through the hedges 
and rough places : whenever this occurs the chain is 
reduced in length, and, unless discovered and rectified, 
a considerable error in distance will very soon result. 
When we have had occasion to use such a chain over 
rough ground we have had the links made 6 inches long, 
and although it occasioned more trouble in noting and 
registering the distances, yet the liability of the links to 
become bent was greatly diminished. No measure- 
ments are required in taking what are called running 
or check levels, the object of which is merely to test 
the accuracy of a section previously made, by finding 
the difference of level between certaia points on the 
section, to see if the results are identical with the former 
determination ; which is the same thing as ascertaining 
the whole difference of level between distant places. 
Neither are any measurements required to produce a 
section if you possess a correct map or plan of the ;| 

district or line, for if the level points are noted on 
the said plan, their relative distances can be taken there- 
from by its scale ; this, however, can only be considered 

c 
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as an approximate operation as far as the horizontal 
measures are concerned. In this way, however, many 
extensive trial sections for long lines of r^way have 
been made by means of the Ordnance maps, and will, 
if properly done, determine the general features of the 
country sufficiently for the engineer to choose the best 
route for a minute and detailed survey, which would 
cost too much time and money to undertake in the 
first instance where there exists any doubt between two 
or more routes as to which it would be most judicious to 
adopt. 

ON INSTRUMENTAL PARALLAX. 

The foregoing is an account of the instruments neces- 
sary for the purposes of levelling ; but before closing this 
part of our subject, we think it may be usefiil to add 
some particulars respecting instrumental parallax, which 
we have occasionally found to be the source of much 
annoyance to the surveyor* This has invariably arisen 
fi'om ignorance of the principles of the telescope, and 
hence, not knowing hoTP" the parallax arises, the means of 
removing it have not been understood ; we shall en- 
deavour to explain, in a popular manner, both the cause 
and the remedy. 

The rays of light which proceed from surrounding 
objects, and which, by entering our eyes, convey to us 
the sense of vision, move in perfectly straight lines, 
unless turned from their rectilineal course by the inter- 
vention of a refracting or reflecting medium, and what- 
ever portion of such rays as can enter our eyes may 
(without sensible error) be considered as moving not 
only in straight^ but paralld lines ; the more remote the 
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. object is, the more nearly this will be the case. In the 
adjoining diagram, let A B represent the section of a 

A 




lens (or object glass of a telescope) ; let the parallel 
lines on the left represent the rays of light coming from 
some distant object in that direction ; the instant they 
impinge upon the glass, and in passing through it, they 
suffer refraction — that is, they are bent, out of their 
former rectilineal path — and on leaving the lens at 
the opposite side, they converge to a certain point D, 
which is the focus of the object glass (in this point 
all the rays passing through a perfectly formed glass 
meet, and it is situated on the line C D, the direction of 
the ray which passes through the centre of the glass, 
the only one that continues its former course, and is 
called the axis of the lens) ; the concentration of the 
rays form an image of the distant object in the focal 
point D, " and if a piece of ground glass, transparent 
paper, or a plate of glass having one surface covered 
with a dried film of skimmed milk, be held up at D, 
a person looking at it from a few inches behind would 
see a perfect image of the distant object formed on the 
ground glass ; and by steadily keeping the eye in the 
sarne position, the ground glass may be removed, and 
the image will appear in the same spot suspended in the 



air. 
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Now let us imagine the lens applied to the construc- 
tion of a telescope, and the adjoining diagram to represent 
a section of it ; the image of a levelling staff held at 
a distance, in the direction of C, would be formed at the 
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point W, the focus of the object ^lass ; let D F represent 
the eye-glass, which is* fixed in a sliding tube, and 
together called the eye-piece* The eye-piece may be 




considered as a microscope, with which the observer 
magnifies the image of the object formed at W ; to do 
this, it will readily appear to the reader that its distance 
from the image at W must be such as to cause its focal 
point to coincide therewith, making that point the 
common focus of the two glasses : for the purpose of 
eflfecting this, the eye-piece is made to slide either in 
or outwards, and the observer can tell when it is at 
the proper distance, for he will then obtain a perfectly 
distinct view of the object. The axis of the two glasses 
forms a continued straight line C E, which in a telescope 
is technically termed the optical axis of the instrument, 
or line of collimation ; this imaginary line is, in levelling 
telescopes, the zero, from whence the readings on the 
staff are taken. It is therefore necessary to represent it 
by something tangible, that shall at the same time not 
interfere with the rays of light passing through the 
telescope to the eye ; this is done by fixing across the 
interior of the telescope very fine wires, or threads from 
a spider's web, so that their intersection may not only 
coincide with the axis C E, but cross it precisely at W, 
the common focus of the two glasses, where the image of 
the staff (or distant object) is formed, and therefore the 
wires and the staff will appear to an observer as one 
object, or, at least, equally distant from him. The 
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following diagram shows the appearance of the wires 
and the staff as seen through an inverting telescope; 
where a b represents the horizontal wire, c and d two 




/♦ 



wires placed at right angles to it, and separated so as to 
admit, at usual distances, the staff e to appear between 
them, by which the observer can always tell if the staff- 
man holds it erect in a lateral direction, as before 
explained. The staff is represented as seen at the 
moment of completing an observation ; the horizontal 
cross wire coinciding with the division '20 above 16 feet, 
the staff being read downwards in consequence of its 
apparent inversion ; the reading therefore, of such an 
observation, to be entered in the field-book, would be 
16-20 feet. 

The adjustment of the line of collimation consists 
in making the centre of the horizontal wire (or inter- 
section of the wires in instruments intended for measuring 
angles) coincide with the optical axis of the telescope ; 
this, when once accomplished, will, with care, keep 
correct for a long time, but the placing it in the com- 
mon focus of the two glasses requires attention at every 
observation. For detailed instructions upon the former, 
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we refer to the treatise on Mathematical Instruments, 
&c. ; but as the latter forms part of every observation, 
and is the source of the perplexing parallax, we shall 
speak of it in this place. 

The cross wires arc fixed to a plate, called a diaphram, 
attached by screws to the slide G H, which also carries 
the slide D F of the eye-piece. The point W, or focus 
of the object glass, does not remain constant for terres- 
trial objects, but varies with every change in the 
distance of the staff ; if it be brought closer to the 
instrument, the image, or focal point, will recede further 
from the glass, and vice vers A ; therefore, the wires and 
the focus of the eye-piece must be brought to coincide 
with that of the object glass by their respective slides ; 
and first, the eye-piece should be moved in its slide till 
its focus coincides with the wires in the tube G H ; when 
this is accomplished, the observer will see the wires 
perfectly sharp and well-defined ; next, motion must be 
given to the slide G H, by turning a milled head attached 
to the telescope, which gives motion to the slide by rack 
work ; this will carry both the wires and the focus of 
the already adjusted eye-piece to coincide with the focus 
of the object glass, on whatever part of the optical axis 
of the instrument it may be situated. When this is 
done, the adjustment of the telescope for observation 
will be complete, and its proof consists in the observer 
having at the same time a clear and well-defined image 
both of the staff and the cross wires, which will be the 
case if they seem to be attached to each other, — or, in 
other words, appear equally distant from him ; and the 
moving about of the observer's eye does not detect any 
apparent displacement of the staff, with respect to the 
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wires. Such a displacement, or relative motion, is what 
is meant by parallax ; and when it exists, it must be 
got rid of by a repetition of the adjustment of the glasses 
as above described, till the motion of the eye will no 
longer detect -the least apparent movement, or passing 
and repassing of the wires and the staflF: till this is 
done, no correct observation can be made. 



0-1 



From what has been advanced on the subject of the 
corrections for curvature and refraction, it may be neces- 
sary, before entering upon any practical examples, to 
remark, that such corrections are very seldom applied 
in practice, the observer, by the arrangements of his 
operations doing away in a great degree their injurious 
effects, which we will endeavour to explain. 




Suppose it were required to find the difference of level 
between any two points G and H in the preceding figure; 
let AB represent a portion of the earth's surface, let 
represent the centre, and CG, CI, and CH the radii of 
the earth. Now a spirit-level being set up and adjusted 
at I, an observer looking through the telescope would 
see objects in the direction of the horizontal line D E 
only, and a staff held upright at H would be read off 
in the point E on the horizontol line ; but this point is 
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higher than the true level by the distance H E, which is 
the correction for curvature due to the distance I H (see 
page 5) ; and if that quantity be subtracted from the 
reading of the staff, the remainder will show the dif- 
ference of level between the points I and H. If the 
same process be gone through by holding a staff at G, 
then the difference of level between G and I will also 
be ascertained, which being compared with the former 
difference, will show how much higher one of the points 
G or H is above the other ; but it must be evident, that 
if G and H be equally distant from I, the horizontal line 
DE, being a tangent to the surface at the middle point 
I, must cut the staff at D on the same level with the 
point E ; — ^that is, C D is equal to C E, therefore D and 
E are level points, being equi-distant from the centre of 
the earth; and if the reading of one staff above the 
ground is greater than the reading of the other, the 
difference will at once show the variation of level 
between the points where the staves were held, viz. G 
and H ; the effect of curvature is thus removed by simply 
placing the instrument midway between the station staves. 
The effects of the atmospheric refraction will likewise 
be done away with in the same process, because it wiU 
affect both observations alike, unless under peculiar 
circumstances of the weather, &c., over which the 
observer has no control. 

The above method of finding differences of level, by 
placing the instrument as near as possible midway 
between the two staves, and noting their readings, is the 
one adopted in practice ; but as it can scarcely ever 
happen, on account of the extent of the work, that one 
placing of the instrument will complete it, a succession 
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of similar operations must be performed, as shown in the 
annexed engraving. 




Suppose it were required to find the diflference of level 
between the points A and G ; a staff is erected at A, the 
instrument is set up at B, another staff at C, at the 
same distance from B that B is from A. The readings 
of the two staves are then noted; the horizontal lines 
connecting the staves with the instrument represent the 
visual ray or line of sight. The instrument is then 
conveyed to D, and the staff which stood at A is now 
removed to E, the staff C retaining its former position, 
and from being the forward staff at the last observation, 
it is now the back staff: the readings of the two staves 
are again noted, and the instrument removed to F, and 
the staff C to the point G ; the staff at E retaining the 
same position, now becomes in its turn the back staff, 
and so on to the end of the work, which may thus be 
extended many miles : the difference of any two of the 
readings will show the difference of level between the 
places of the back and forward staff; and the difference 
between the sum of the back sights and the sum of the 
forward sights will give the difference of level between 
the extreme points : thus. 

Fore sights, 
ft. dee. 

11-20 



AandC 



Back sights, 
ft. dec. 

. 10-46 



C 
E 

Sums 



>» 



99 



E 
G 



11-33 
7-42 

29-21 
27-11 



8 00 
7-91 



27-11 



Difference of level .... 2*10 
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showing that the point G is 2 feet and ^ higher than 
the point A. 

The foregoing process is called compound levelling. 
The following is an example of simple levelling, being 
performed at one operation, and therefore subject to the 
correction for curvature and refraction to obtain a correct 
result. 




Suppose it were required to drain a pond and marsh 
A, by making a cut to a stream at B, a distance of thirty 
chains : let a level be set up at C, and directed to a staff 
held upright at the edge of the water at B. The hori- 
zontal line C D represents the line of sight which would 
cut the staff at D, the reading being 17*44 feet; the 
height of the instrument above the ground was 4 feet, 
and the depth of the pond 10 feet; therefore the dif- 
ference of level between the bottom of the pond and the 
surface of the stream was as follows : 

ft. dec. 

Reading of the Staff 17-44 

Height of instrument 4*00 

Depth of pond 10-00 

Curvature and refraction for d0chain8(see 

Tables, pages 8 and 9) 0*09 

1409 

Difference of level 3*35 
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PART 11. 



THE PRACTICE OF LEVELLING. 



ON BUNNING OB CHECK LEVELS. 

To present, in the clearest possible manner, the practical 
application of the principles of levelling, we propose 
describing some operations in detail. We shall, there- 
fore, commence with a case of a simple kind, which will 
prepare the way for more complicated examples. When 
a section of a line of country has been completed (for 
any purposes whatever), it is in most cases necessary 
to check its accuracy by repetition ; but in doing this, 
it is seldom requisite to level over precisely the same 
line of ground, unless there is cause to suspect its 
general correctness, but to follow the most convenient 
and nearest route, and at intervals to level to some 
known points on the exact line of section, which will 
give their differences of level : the points thus selected 
are generally what are called bench marks, and are 
nothing more than marks or notches cut upon gate- 
posts, stumps of trees, mile or boundary stones, or any 
similarly immoveable objects, contiguous to the line of 
section, and at frequent intervals. These bench marks 
are made by the person who takes the section in the 
first instance, and are sometimes previously determined 
upon. When the section is complete, their relative 
heights with regard to the base line or datum of the 
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section become known; consequently, they may be 
considered as so many zero or fixed points on the 
line, easily recognisable, fi-om whence any portion of 
the work may be levelled over again ; or branch lines 
of level may be conducted in any direction, and the 
levels of such branches be comparable with those of the 
main line. 

When, in checking the principal levels, by proceeding 
in the most convenient direction from bench mark to 
bench mark, it is found that the dififerences of level 
prove identical with those on the section, or within 
the limits of probable error, it may be presumed that 
all the intermediate heights are likewise correct : it is, 
however, just possible that equal errors of an opposite 
kind may have been committed, when, the sum of 
each being of the same magnitude, a balance of errors 
would cause the extreme points to be right, whilst the 
intermediate levels would be incorrect; but the pro- 
bability is so much against such an occurrence, that 
we believe, unless there be some particular reasons for 
so doing, the whole exact line of a section is seldom 
levelled a second time for the purpose of checking the 
former results only. 

From what has been remarked, it will appear evident 
that in taking running or check levels, there is no 
necessity for the use of the chain, or the compass 
attached to the instrument, the distances and bearings 
having all been determined at the time the principal 
levels were taken. 

The example we are about to give of this kind of 
operation is represented in the engraving, Plate I., which 
shows both the ground plan and the section. The 
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strong black line on the plan is that of the section to 
be checked, and proceeds from a bridge in the town 
of A, in a circuitous direction along a valley, and neariy 
parallel to the course of a river, to a bench mark in 
the town of B: this originally formed a portion of a 
more extensive survey. We have selected this portion 
of the line as explanatory of our present subject; the 
route taken in proving the work is represented by the 
dotted line, and was confined to the public roads, that 
being considered the most convenient, because it would 
altogether exclude the necessity of passing through 
private property, as the surveyor would most likely 
have been ordered off, a great feeling of opposition 
existing among the owners and occupiers of the said 
lands; and further, the public road crossed the line 
several times, by which a number of intermediate points 
could be checked. Before giving the particulars of 
this example, we shall explain in detail the method of 
conducting the necessary observations. 

In the first instance the staff-holder must place his 
staff on the bench mark from whence the levels are to 
commence. (In the case of our example the staff was 
first placed on a peculiarly shaped stone on the crown of 
the bridge at A, which could easily be recognised from 
description at any future time, if ever it should be neces- 
sary to refer to this spot again : it therefore answered as 
a bench mark.) The surveyor must next set up his 
spirit-level in the most suitable spot which presents 
itself, from whence he can have an uniuterrupted view, 
not only of the staff at the back station, but also for a 
considerable distance in the direction he wishes to carry 
his levels. The station selected should not in any case 
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exceed four or five chains, and if it be only half that 
quantity, there will be less likelihood of error ; for when 
long sights (as they are usually termed) are taken, unless 
both the back and forward stations are equally distant 
from the instrument, errors will gradually creep in upon 
the results, which, in a long series of levels, are liable, 
by their accumulation, to become of serious conse- 
quence. The proper station being determined upon,* 
and the tripod legs of the instrument spread out and 
thrust into the ground suflSiciently to ensure its stability, 
the observer must adjust his level for observation in the 
following order : — First, he must draw out the eye-piece 
of the telescope till he sees the cross wires perfectly well 
defined ; then, directing it to the stafi^, he must turn the 
milled-headed screw, on the side of the telescope, till he 
can likewise distinguish with the utmost possible clear- 
ness the smallest graduations on the staff: that these 
two adjustments be very carefully and completely per- 
formed, is of more consequence than is generally sup- 
posed, for upon them depends the existence or non- 
existence of parallax. If any parallax is detected, it 
must be removed, or the observations will be incorrect : 
its existence may be detected by the observer moving his 
eye about at the same time that he is looking through 
the telescope at the staff; and if he sees that the cross 
wires do not appear to have the least motion with regard 
to the divisions with which they are coincident, then no 
parallax will exist ; but if any motion appears to take 
place between the wires and the staff, it is a proof that 

* It must be borne in mind, when we thus minutely detail what 
may appear to the practical man as naturally obvious, that we are 
writing for the information of those who have never had any practice 
whatever. 
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one or both of the foregoing adjustments have been 
imperfectly made. 

To remedy this inconvenience the eye-piece should 
first be moved to try and improve the distinct appear- 
ance of the cross wires. The observer will be greatly 
assisted in this operation if he holds a sheet of white 
paper before the object glass, which, at the same time 
that it prevents other objects from attracting his atten- 
tion, presents a clean white disk, or ground, for the 
wires to be seen upon ; and when he is satisfied that 
they are as sharp and well defined as possible, he must 
repeat the movement of the milled head by the side of 
the telescope till he is equally satisfied of the distinct 
appearance of the graduations on the staff; then let him 
again move his eye about before the eye-glass to see if 
any parallax still exists, and if so, he ought to repeat 
the above simple operation until it is removed. We 
have known the parallax of a telescope to be a source of 
great annoyance to persons in the profession, which has 
led us to be thus minute upon what to some would 
appear very simple. We have for the like reason given 
an explanation of its nature, &c. at page 18. 

The turning the milled head to obtain distinct vision 
of the staff, in the old construction of instruments, 
communicated motion to the object glass ; but in those 
of recent contrivance, it moves the whole of the eye end 
of the telescope, and with it the cross wires. In either 
case,. the distance between the object glass and the wires 
is increased to a proper extent ; the modem contrivance 
appears to be the most approved. The adjustment of 
the eye-piece for distinct vision when once made, is not 
likely to require alteration the whole day, unless it be 
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accidentally deranged; but that of obtaining distinct 
vision of the distant staff (together with the one we shall 
next describe) must be performed at every station, as it 
varies with the distance of the staff, as explained at 
page 22. 

Having made the above adjustments perfect, bring the 
spirit-bubble into the centre of its glass tube, which 
position it must retain unmoved in every direction of the 
instrument ; or in other words, the bubble must indicate 
a true level during the time the telescope is turned 
completely round horizontally on its staff head : this is 
accomplished by bringing the telescope successively over 
each pair of the parallel plate screws, and giving them 
motion, screwing up one while unscrewing the other to a 
corresponding extent ; but if the telescope is supplied 
with a cross level, as in that contrived by Mr. Gravatt, 
the two bubbles, being at right angles to each other, will 
at once show which pair of screws require turning, in 
order to produce an indication of level in both bubbles. 
In the Treatise on Mathematical Instruments there is 
given an ample explanation of the adjustment of levels 
in all their details : upon such subjects we shall once for 
all refer to that work. 

Having adjusted the level for observation, it must be 
directed to the back staff, of which a clear view must be 
had ; then note with all possible exactness the foot, and 
decimal fraction of a foot, with which the central part of 
the horizontal wire appears to be coincident, which 
enter in the proper column of the field or observation 
book. This column should be headed " Back Sight," or 
"Back Station," as in the example given at page 38. 
As soon as it is registered, look to see that the spirit- 
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bubble has not removed from its central position, and 
then repeat the observation, to ensure that no mistake 
had been made in noting it : this should be invariably 
done, to guard against errors. 

The back observation being made, turn the telescope 
round in the forward direction, and obtain a distinct 
view of the staff, by turning the milled head at the side 
of the telescope ; then look at the spirit-bubble, and if it 
has at all changed its position, by receding towards 
either end of its tube, bring it back to the centre by the 
parallel plate screws, as before described (this can be 
done so readily, and without moving the telescope, when 
a cross level is attached, and having likewise other 
advantages, that we recommend its universal application 
to spirit-levels) ; then, by looking through the telescope, 
observe what division on the staff is intersected by the 
cross wire, and enter the reading in the proper column 
of the field-book, which should be headed " Fore Sight," 
or " Fore Station." Having entered it, look to see that 
the bubble is still correct, and then verify the observa- 
tion by noting it again, which will complete the first 
levels.* 

It may be worth remarking that, in setting the level 
up, the pointed legs should be pushed into the ground 
sufficiently to ensure the stability of the instrument, and 
likewise that the observer should move himself about the 
instrument, whilst taking the levels, as little as possible, 
taking care not to strike the legs with his feet. Caution 
in these matters is required, for sometimes the least 

* When taking levels for the formation of a section, it is some- 
times necessary to note the bearing of the compass needle, and to 
measure distances, as will be explained hereafter. 

D 
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movement of the person will derange the levels of the 
instrument, particularly on loose or elastic ground ; — to 
do away the inconvenience arising from this source, a 
reflector has been contrived to fix on the top of the 
telescope tube, by which the observer can see both the 
staff and the reflected image of the spirit-bubble at the 
same time, and then he can make his observation at the 
instant he sees the bubble in its proper position. The 
foregoing description of the method of taking levels is 
general, and applies equally to every kind of levelling 
operation, with whatever additional matters may require 
attending to, when taking levels for the formation of a 
section, &c., which we shall hereafter describe. 

The first levels being completed, the surveyor must 
take up his instrument, and, passing the man who holds 
the forward staff, proceed to some convenient spot to set 
up the instrument a second time, which, as before 
remarked, should not be more than four or five chains 
distant ; the other man, also, who held the staff at the 
back station, must likewise take up a new station still 
further onwards in the required direction, and as nearly 
as possible at the same distance from the instrument as 
the instrument is from the staff, which has now become 
the back station; it being in every case necessary, to 
ensure correct work, that the instrument should occupy 
very nearly the middle point between the staves, for 
reasons which will be understood by those who have 
perused the former part of this book. Having set the 
instrument up, adjust it for observation as before — ^viz. 
see that the cross wires are distinct ; turn the mUled 
head by the side of the telescope till the graduation on 
the staff is quite distinct, and no parallax exists ; and, 
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lastly, set the spirit-bubble level in every direction of the 
telescope by the parallel plate screws ; which done, note 
the reading on the back staff, an4 enter it in the book ; 
then examine the bubble, and again read the staff to 
ensure accuracy ; then turn the telescope about, and do 
the same for the forward station, which will complete 
the second level. As the third and fourth, and all the 
following levels, are conducted in precisely the same 
manner, it will be unnecessary to repeat the instructions 
again. 

The man holding the back staff should be instructed 
never to move it in the least from its position till the 
forward observation is completed, which he can always 
tell by seeing the surveyor carry his level onwards. It 
is sometimes the practice to use one staff only, and after 
taking the back observation, to cause the assistant to go 
on and take up a position suitable for a forward station ; 
but besides the loss of time attendant upon such a 
process, if the instrument should in the interval get 
moved by accident, those two observations will be in- 
correct, unless the back sight be taken again, and this 
cannot be done unless the precise spot before occupied 
by the staff can be identified, which is sometimes uncer- 
tain. When this is the case, no alternative is left but to 
go back and renew the work at the last bench mark, or 
known station ; and if none such exist, the whole opera- 
tion will probably have to be gone over again, where 
great accuracy is required. 

The iron tripod, described at page 16, should in all 
cases be placed on the ground by the staff-holder, to rest 
the staff upon, as it ensures to the observer the certainty 
of the staff keeping exactly the same spot when the face 

D 2 
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of it is presented to him in the two directions, forward 
and backward. The staff-holder should likewise be in- 
structed to hold the staff perfectly upright, which he can 
himself determine, in one direction, by a little plumb- 
weight suspended in a groove in the staff; and as the 
observer can tell if he holds it upright in a lateral 
direction (as explained at page 15), he should frequently 
look to see if he signals for him to move the upper end 
of the staff to the right or left, taking care not to disturb 
its position on the iron tripod, 

We have been supposing the use of the newly intro- 
duced staves, as we do not expect that those of the 
former construction will hold their ground against them, 
they having the advantage of providing to the observer 
the means of noting the reading of the staff himself. If 
however, from habit or otherwise, the use of the staff 
with the sliding vane should be preferred, the foregoing 
instructions equally apply ; the only difference in its use 
is, that the obseiver must signal to the staff-holder to 
move the vane up or down on the staff, till it appears 
bisected by the cross wires of his telescope ; then the 
reading of the staff must be noted, and entered by the 
assistant in a temporary book carried by him for the 
purpose : or if he cannot be trusted to perform so im- 
portant a part of the business, he must convey the 
staff to the observer, or wait for him to come and 
read it himself. It requires no comment to show the 
uncertainty, and loss of time, in this method of pro- 
ceeding compared with the use of the newly- contrived 
staves. 

Having explained the method of taking observations 
for checking levels, we must refer to our example. The 
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levels, as before stated, were taken along the public road 
shown by the dotted line, that being the most con- 
venient route from the town of A to the town of B, 
avoiding the necessity of passing through private pro- 
perty ; the strong black line on the plan shows where 
the original section was taken ; the section itself is 
represented above the plan, and is drawn to two scales ; 
the one giving the horizontal measure, is the same as 

'9 

that of the plan, viz. one inch to one mile ; and the 
vertical scale, \ inch to 100 feet : from this section it 
appears that the crown of the bridge at A is fourteen 
feet above the datum line D E of the section, and that 
the bench mark (a stone by the road side) at B is 111 
feet aboVe the same datum ; therefore the difference of 
level between the two places is 111 — 14 = 97 feet. 
Now, by referring to our observation book, of which we 
have subjoined a copy, we make the difference of level 
to be 96 '8 feet, differing from the original section no 
more than two-tenths of a foot, or 2*4 inches, a quantity 
that may be disregarded ; the inference, therefore, to be 
drawn from such a coincidence in the two results is, that 
the whole of the section between the points in question 
is sufficiently correct. 
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Copy of Field'Book^/ar tunning or ekeek levei$. 



Back I Fore i 
Sights. I SighU. 



0-34 

5 86 
419 
644 
4-96 
473 
610 
5-33 
5-91 
5-70 
602 
1-21 
3-53 
396 
394 
3-98 
4-08 

a-90 

4-84 
1-54 
4-69 
504 
2-24 
7-25 
4-03 
9-54 
6-70 
9-40 

6 44 
11-00 

5-98 

11-12 

9-84 

018 

4-72 

8-89 

1002 

10 00 

8-58 

9-53 



23075 
102-57 



128-18 



316 
5-61 
424 
1-20 
320 
1-32 
2-00 
35)6 
183 
090 
1 21 
400 
607 
5-34 
4-81 
6-08 
4-94 
3-96 
2-42 
512 
4-97 
1-60 
3-^6 
1-89 
1-30 
019 
1-70 
406 
0-38 
0-46 
1-30 
1-78 
2-20 
0-32 
010 
0-77 
0-92 
1-03 
119 
1-18 



102-57 



RdmaikB. 



Back 6 on B. M. on the bridge at A. 
Forward 6 at corner of road leading to B. 



At crossing of line. 



Staff placed on post notched for B. M. 
■ At crossing of line. 



Upon line. 



Upon line. 



Upon line. 



Sums. 



Difference. 
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Copy of Field'Book — continued. 



Back 


Fore 




Sights. 


Sights. 


Remarks. 


128-18 




Brought forward. 


9-90 


0-68 




9-04 


0-35 




1000 


8-52 




3-00 


11-55 




3-68 


0-88 




7-21 


8-75 


■ 


1-99 


10-48 


1 


065 


lOOO 




4-48 


10-44 


1 


1-47 


10-30 


1 


1-55 


11-70 




2-45 


9-88 




3-78 


1-04 




6-64 


2-65 


Forward 6 on B. M. called B. 
Sums. 


19402 


97-22 


97-22 




Difference =:diff. of level between A and B. 


96-80 



The back sights being greater in amount than the 
forward sights, it is evident that the bench mark at B 
was higher than the bench mark at A by the diflference 
of the two sums. 



LEVELS FOR THE FORMATION OF A SECTION. 

Next to the running levels, the most simple case 
that can occur is, to take the levels of a line of country 
where the ground plan is already made, and the exact 
line of section determined upon, and. in some instances 
picketed out. It is then only necessary, in addition to 
what is required for running levels, that the distance 
between the levelling staves, or the whole distance at 
every station from the starting point, be measured. 
The instrument should be placed, as usual, as near as 
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can be at an equal distance from each staff; but it is 
not essential that it be placed in the exact line between 
them, unless it should happen to prove the most ad- 
vantageous position. Plate II. represents an example 
of this kind of work, the survey of the land having been 
completed, and the plan of the fields, &c. drawn: the 
strong black line A B was the direction determined upon 
as the most suitable for a portion of an intended line of 
railroad, and the section was accordingly taken ; a bench 
mark had been previously agreed upon at each extremity 
(A and B), from whence other surveyors could take up 
the levels, and carry them onwards in both directions. 

First a staff was placed on the bench mark at A for a 
back station, and another staff was held up for a forward 
station, in the adjoining field, but exactly on the line as 
marked down on the plan, a copy of which the surveyor 
had in his possession ; the instrument was then set up, 
as near as could be estimated, or the level of the ground 
would admit, at an equal distance from each staff, so as 
to be able to read them both ; the adjustment of the 
instrument for observation, as described at page 30, was 
carefully attended to, and the reading of the staves 
noted. As soon as the observations were made, the 
distance from staff to staff was measured with a Gunter's 
chain, which completed the first level. 

The measurement of the distances can be more con- 
veniently performed, and with a great saving of time, by 
two additional assistants, who can be measuring, whilst 
the surveyor proceeds to direct the man who held the 
back staff in the last case, to take up a forward station 
precisely on the line as laid down on the plan. The 
staff which was the forward station in the last case now 
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becomes the back station, and the instrument must be 
set up so as to read both stations as before, and as 
nearly equi-distant from them as can be : by the time 
the instrument is adjusted, and both the staves read off, 
the assistants would have completed -the measurement 
from the bench mark A to the first forward staff, and be 
ready to continue on to the second one : whilst this is 
doing, the instrumient and back staff can be carried 
forward and set up, &c. as before: by a continued 
repetition of a ^similar, proqess, the whole line A B was 
levelled. 

The measuring assistant should report to the surveyor 
the total distance of each forward staff from the bench 
mark at A as soon as it is determined, or, if thought 
more convenient, he may keep a book to enter the 
distances in, which should be ruled in two columns, one 
for his distances, and the other for references to them, 
as a, 6, c, &c., or the numbers 1, 2, 3, &c., placed 
opposite; and if the observer makes similar notes in his 
book to each pair of sights, there can arise no mistake 
in placing the correct distances opposite the corres- 
ponding levels, when the measurer makes his return. 

The following is a copy of the field-book of the 
example given in Plate 11. ; showing the manner of 
keeping it, and also the method adopted of reducing 
the levels to obtain the actual heights of each station, 
with regard to the starting point, for the purpose of 
drawing the section ; which we shall then explain. 
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LEYELUNG FIELD-BOOK. 



DtB. 


Back 


Fore 1 


RedacfKl 




tances. i 

1 


Hise. 


Sight. 


Sight. 1 


FalL , Level 
— ,+ 5-83 


Remarks. 


519 


5-83 


13-71 


7-88 




1315 


... 


9-40 


16-30 


6-90 1- 1-07 


1542 


—m 


3-87 


11-71 


7-84 - 8-91 


1850 


— 


2*63 


12-41 1 


9-78 -18-69 


2358 


13-67 


14-62 


0-95 


— - 5-02 




2698 


15-55 


1700 


1-45 


— . + 10-53 




3357 


— . 


10-66 


15-40 


4-74 '+ 5-79 




3758 


... 


2-87 


1700 


14-13 - 8-34 




3976 


-.— 


3-40 


10-32 


6-92 -15-26 




5077 


3-49 


5-73 


2-24 


— ;-ll-77 




5904 


15 69 


16-54 


0-85 


— 4- 3-92 




6124 


1519 


16-08 


0-89 


— +19-11 




6437 


13-83 


14-56 


0-73 


— 1 + 32-94 




7467 


— 


10-36 


14-06 


3-70 +29 24 




8369 


8-48 


9-84 


1-36 


-. 


+ 37-72 




9303 


2-80 


9-80 


7-00 


-— 


+40-52 






— 


2-30 


10-96 


8-66 


+ 31-86 


Centre of road at 215 links. 


9679 


— 


10-96 


14-46 


3-50 


+ 28-36 


t 


9936 


— 


208 


1505 


12-97 


+ 15-39 




10164 


~— 


1-75 


16-58 


14-83 


+ 0-56 




10576 


— - 


1-84 


17-10 


15-26 


-14-70 




11423 


— 


0-00 


7-43 


7-43 


-22-13 


Forward 8 at corner of W ood 


13066 


1-88 


5-38 


3-50 


— 


-20-25 




14954 


400 


8-50 


4-50 


— 


- 16-25 




15650 


3-94 


5-30 


1-36 


_ 


-12-31 




17345 


0-80 


10-20 


9-40 


— i 


-11-51 




19135 


6-46 


6-86 


0-40 


— . 


— 5-05 




19359 


7-04 


11-00 


3-96 




+ 1-99 




19631 


8-27 


11-80 


3-53 


m.^ 


+ 10-26 




19841 


7-85 


10-53 


2-68 


— 


+ 18-11 


Forward 6 at edge of Wood. 


20561 


6-84 


8-22 


1-38 




+ 24-95 




21671 


6-56 


8-76 


2-20 




+ 31-51 








14-00 


14-50 


0-50 


+ 31-01 


Boad at 450 links. 


22710 


10-18 


14-50 


4-32 


^^ 


+ 41-19 




23221 
Sums. 


814 


914 


1-(X) 


— 


+ 49-33 


B above A. 


166-49 


304-19 


254-86 


117-16 






117-16 


254-86 










49-33 


49-33 
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The first column contains the measured distances 
from the starting point to every forward station ex- 
pressed in links of Gunter's chain. The two central 
columns, headed "Back Sight" and "Fore Sight," 
contain the readings of the two staves at the back and 
fore observations respectively. The difference of such 
readings is placed in one of the two side columns headed 
" Rise " or " Fall," according as the ground at the 
forward station is higher or lower than that at the back 
station. If it be highest (or the ground rises, as it is 
called), then the forward reading will be the smaller of 
the two : but if it be the lowest (or the ground falls), 
then the forward reading will be the greater of the two : 
thus, in our first reading, the back observation is 13 '71, 
and the forward observation 7*88, their difference = 5*83 
feet, which is the difference of level between the two 
points ; and as the forward reading was the smaller of 
the two, it is clear that the ground was rising at that 
place, and, therefore, the difference of the readings, viz. 
5*83, is placed in the column of rises. In the next 
three successive pair of sights, the forward readings are 
the greatest, indicating a continued descent of the sur- 
face line, and the differences of those readings are 
inserted in the column of falls, viz. 6*90, 7*84, and 
9*78. At the next following sight, the forward reading 
is again the smallest, therefore the difference 13*67 is 
placed in the column headed " Rise," and so on of the 
rest. No mistake can arise by placing the subtraction 
in the wrong column, as in every instance it must be 
placed in the column adjoining the larger quantity ; 
thus if the fore sight is greater than the back sight, the 
resulting quantity must be placed in the column of falls, 
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which is adjoining to that containing the reading of the 
fore sight, and vice verad. 

The adjoining column, headed "Reduced Levels," 
contains the absolute heights of each forward station 
above the datum line of the section, or a horizontal line 
passing through the starting point or bench mark A: 
these quantities, which are technically called the reduced 
levels, are obtained by the constant addition and sub- 
traction of the numbers contained in the columns of 
"Rise" and "Fall," the former being considered as 
positive, and the latter as negative quantities; thus, 
assuming the level of the starting point A as the datum, 
we have the first forward station 5*83 feet higher than 
the datum, therefore in the column of reduced levels it 
is marked + (plus) : next we have a fall or negative 
quantity of 6*90 feet, which must be subtracted; but as 
it is greater than 5*83, it shows that this station is 
below the datum line, by the diflerence between 5 83 
and 6*90=3 1*07 feet, which is the depth of the second 
forward station beloio the datum line, and therefore is 
marked — (minus) : the next is likewise a fall of 7*84, 
and as our last result was below the datum Hne, this 
additional negative quantity will take us still lower by its 
whole amount; it must, therefore, be added to 1*07, 
giving 8*91 feet for the depth of our third forward 
station below our datum, and it is therefore entered in 
the colunm of reduced levels with a minus sign. The 
next is also a fall of 9 78, which, applied as the last, 
gives 18*69 for the depth of the fourth forward station 
below the datum. The ground then rises again, and we 
have an ascent of 13*67 feet, which will bring us nearer 
to our datum ; and as it diminishes our depth below the 
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datum line, it must be subtracted from the last result ; 
thus, 18-69 - 13-67 = 5-02 feet for the depth of the 
fifth forward station below the datum; we have then 
a rise of 15*55, which will carry us above the datum by 
the amount of diflference between it and 5 '02, leaving 
10' 53 feet for the height of the sixth forward station 
above the datum line : the next is a fall of 4*74, which 
diminishes our height by that quantity, and therefore 
must be subtracted from 10*53, leaving 5*79 as the 
height of the seventh forward station above the datum. 

In like manner every other pair of sights in our 
example was reduced, applying each diflference of the 
back and forward readings with their proper signs, until, 
at the close of the work, the point B (the last forward 
station) was found to be 49*33 feet above the datum line, 
or level of the starting point A. 

The reduction of levels becomes a simpler operation 
when the height of the bench mark (used as a starting 
point) above the intended datum line is known : thus 
(in our example), suppose the height of the bench mark 
A was 100 feet above the level of high- water Trinity 
mark at London Bridge, and that it was intended to 
assume the level of that mark as the datum line of our 
section ; then 5*83 feet, the rise to the first forward 
station, must be added to 100, giving 105*83 for the 
height of the ground at the point a above datum ; next, 
from 105*83 subtract the fall 6*90, which gives 98*93 for 
the height of the point h above datum ; then from 98*93 
subtract 7*84, which gives 91*09 for the height of c above 
datum ; and in like manner, by adding the quantities 
X)f rise, and subtracting those of the falls, the whole line 
of levels may be reduced to the line assumed as the datum. 
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Aft a proof of the accuracy of the arithmetical opera- 
tion, the columns of back and fore sights should be 
added up, and the lesser sum subtracted from the 
former ; the result of the agreement with that by the 
reduced levels is a proof of accuracy. Likewise another 
proof may be obtained by adding up the contents of the 
column of rise and fall ; and if upon taking the lesser 
sum from the greater, the remainder represents the same 
quantity as obtained by both the other operations, there 
can be no doubt of the correctness of the reductions of 
the levels, as in our example. By the reduced levels, 
the height of B above A is 49-33 feet. The sum of the 
back readings is 87 'SS, and that of the forward readings 
38 62 ; their difference also gives 49*33 for the height 
of B above A ; and, lastly, the sum of the rises is 54-88, 
and that of the falls is 6-65, the difference giving, as 
before, 49-33 feet. 

It is, perhaps, to be recommended, that the observer 
should reduce his levels as he proceeds in the field, as it 
will occupy but very little time, and can be frequently 
done while the staff-man is taking a new position; 
besides, the observer will frequently be able to detect by 
the eye if he is committing any glaring error, as, for 
instance, inserting a number in the column of rises, 
when it ought to occupy a place in that of the falls, the 
surface of the ground at once reminding him that he is 
going down hill instead of ascending. 

If the foregoing method of reducing levels be found 
difficult or troublesome, on account of the . introduction 
of plus and minus signs, they can be dispensed with, as 
well as the columns of " Rise " and " Fall," by pro- 
ceeding in the following manner. Assuming the starting 
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point to be any even number of feet high ; or, what is 
the same thing, assume a datum line any even number 
of feet below the starting point, as 100 or 1000, taking 
care that your choice falls upon a number greater than 
the number of the whole fall you are likely to experience 
in the operation ; then from this assumed height subtract 
the reading of the forward staff, and to the remainder 
add the reading of the back staflF; the result will be the 
height of the first forward station above the assumed 
datum line; then from this height subtract the next 
forward reading, and to the remainder add the reading 
of the back staff; the result will be the height of the 
second forward station above the assumed datum, and 
so on throughout the whole levelling operation. The 
difference between any two of the readings will be the 
difference of level between the corresponding points on 
the ground. 

By way of illustration, we will reduce part of the 
foregoing example after this manner, and the student 
can adopt whichever method he may consider the best. 
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Back 
Sight. 


Fore 
Sight. 


t Reduced 

LeveU. * Remarks. 


1 


1 

13-71 

1 
1 


7-88 


100-00 : ARsumed datum. 

7-88 1 

92-12 • 
13-71 1 




1 9-40 

1 


16-30 


105-83 
16-30 

89-59 
9-40 


- r Height of let forward station 
\ above assumed datum. 




3-87 


11-71 


98-93 

11-71 

87-22 

3-87 


Height of 2nd do. above do. 


2-63 


12-41 


9109 
12-41 


„ 3rd do. „ do. 




78-68 
2-63 




14-62 


0-95 


81-31 
0-95 


„ 4 th do. „ do. 




80-36 
14-62 


yf 5 th do. „ do. 




17-00 


1-45 


94-98 
1-45 




93-53 
1700 


1 
1 


1 
10-66 


15-40 


110-53 
15-40 


„ 6th do. ,, do. 




95-13 
10-66 


,f 7 th do. „ do. 
„ Hth do. „ do. 




2-87 


17-00 


105-79 
1700 




88-79 
2-87 


1 






91-66 


• 



The above will, we trust, be found sufficient to make 
ourselves understood upon the subject of reducing levels. 
If, after adopting the latter mode, it should be required 
to reduce them to the level of the starting point as a 
datum, nothing more is required than to take the dif- 
ference between the height thus found and that of the 
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assumed datum ; thus, in our example, subtracting 100 
(the assumed datum) from the height of the first forward 
station, gives 5*83 for its height above the starting 
point: next, from 100 subtract 98*93 = 1*07, making 
the second forward station that quantity below the level 
of the starting point, and so of the rest. But it may be 
done much easier after the section is made to the as- 
sumed datum, by drawing a line parallel thereto through 
the point A, or any other that may be determined on ; 
thus the section may be at once adapted to any required 
datum line. 

TO DEAW THE SECTION. 

The levels being reduced, the surface line may be 
represented in the form of a section, as shown above the 
plan in Plate II. The vertical and horizontal scales of 
a section are seldom the same, which produces a carica- 
tured representation ; the vertical scale being so much 
greater than the horizontal, shows the depths of cutting 
and embankment required in the execution of road, rail- 
way, or canal works, with greater clearness than if both 
scales were equal. The plans and sections of projected 
works deposited with the Clerks of the Peace of counties, 
and in the Private Bill office, to obtain the sanction of 
the legislature, are mostly drawn to scales of four inches 
to one mile horizontal, and one hundred feet to one inch 
vertical : we have adopted these scales in our example, 
Plate II. 

To make the section of our present example, first 
draw the horizontal line C D as the datum to which our 
levels were reduced, assume any point A as the starting 
point, then set off the measured distance fi'om A to the 

E 
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first forward station a = 519 links (see levelling field- 
book, page 42), at this point erect a perpendicular, and 
mark on it the height 5*83 of the first forward station, 
and connect the point A with this mark, and the result 
will show the surface line of the ground in that interval : 
next, from the same starting point A set off the pojnt &, 
the second forward station, with the distance of 1315 
links, as given in the levelling-book ; but as this point is 
a minus quantity (see reduced level, page 42), that is, 
below the datum line, let fall a perpendicular, and set off 
on it 1*07 feet, which connect by a line with the former 
level, and the surface line from A to J will then be 
represented; then with the distance 1542 set off the 
point c, and on a perpendicular let fall therefrom, set off 
8*91, which connect as before, and the section will be 
complete from A to c. In like manner, proceed with 
the rest of the reduced levels at the points rf, e,/, &c., 
till the whole section is drawn. 

Although, for the sake of clearness of description, we 
have desired the person plotting the section to draw the 
perpendicular, and thereon define the level point of the 
surface as he proceeds with setting off the horizontal 
distances step by step, yet in practice he will find it 
most expeditious in the first instance to place the cham- 
fered edge of his ivory scale for the distances along the 
datum line, and at once to prick off the whole of the 
distances (or any convenient portion of them) succes- 
sively as the numbers appear in the field-book; then 
draw all the perpendiculars by means of a parallel ruler, 
or by a T square if the paper is properly fixed on a 
drawing table ; and, lastly, from the vertical scale prick 
off all the perpendiculars and connect those points, and 
the section will be made. 
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The distances given in the proper column of the field- 
book are supposed to be horizontal distances, and, in 
measuring them, care should be taken that they are as 
nearly such as possible (or they must afterwards be 
reduced t|jereto), otherwise the section will be longer 
than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the 
hypothenusal to the horizontal measure, when laying 
down his section, we annex the following Table, showing 
the reduction to be made upon each chain's length, for 
the following quantities of rise^ as shown by the reading 
of the staves : — 



Eise in feet for 


Beduction upon one chain 


one chain. 


in links and decimalR. 


1 


001 


2 


004 


8 


0-11 


4 


019 


5 


0-29 


6 


044 


7 


0-56 


8 


0-74 


9 


0-94 


10 


M6 


11 


1-40 


12 


1-76 


13 


201 


14 


2-24 


15 


2 61 


16 


2-99 


17 


339 


18 


3-76 


19 


4-23 


20 . 


4-64 



The section can be referred to any other datum than 
the one by which it was produced ; as, for instance, let 
it be required to refer the section, Plate II., to a datum 
line 100 feet below the point A; all that is required to 

b2 
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be done is, to draw a line E F parallel to C D, at 100 
feet below it ; then, by drawing perpendiculars from the 
surfi^e line to this new datum, as shown by the dotted 
lines, the transfer will be complete, as the height of any 
point can be measured by the scale of the section. We 
need not go through a further explanation of this sub- 
ject, as an inspection of our engraved example will 
explain whatever further may be required. 



WORKING SECTION. 

For the purposes of carrying into execution any work, 
the section should be much more minute than is re- 
quisite for general purposes ; it is then called a working 
section. The following are the field notes taken for 
such a section, the line having first been carefully set 
out and a stake driven into the ground at the extremity 
of each chain's length : these stakes were about 18 inches 
long and 2 inches square (and were furnished by a 
country wheelwright at the price of ten-pence per 
dozen) ; every tenth stake was circular, and somewhat 
larger, and had an iron ring round its top, and together 
with every fifth stake had their tops painted white, the 
more easily to identify them ; they were all numbered 
(or considered to be numbered) from one end of the line 
to the other. Plate III. showp the section of the ground 
and railway at the extreme end of the line where the 
numbers terminate at 1103 chains or 13f miles and 3 
chains : we would recommend the student to plot this 
section from the notes several times, and to various 
scales, that he may not only better understand the 
subject, but also for the sake of practice, it being an 
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actual example from the working section of a line of 
railway now completed and opened to the public. 

FIELD NOTES— Working Section. 



Eise. 


Back 
sight. 


Fore 
sight. 


Fall 


Distance. 


Eeduced 
Levels. 


Eemarks. 


feet. 


feet 


feet. 


feet. 


Links. 


feet. 

270-72 


Brought forward (from 




4-47 


4-53 


0-06 


103300 


270-66 


last page of Notes). 




4-53 


9-22 


4-69 


103400 


265-97 




4-15 


9-22 


5-07 




103500 


270-12 




4-83 


5-07 


0-24 




103600 


274-95 




4-49 


6-36 


1-87 




103700 


279-44 




4-67 


6-14 


1-47 




103800 


28411 


f Side of clapping post 


4-52 


6-62 


2-10 




103900 


288-63 


< of field gate in oc- 
1^ cupation road. 




2-10 


2-24 


0-14 


103916 


288-49 




0-95 


10-42 


9-47 






289-44 


r Lower hanging hook 
1 of gate. 




9-47 


13-22 


3-75 


103944 


285-69 


r Centre of occupation 
\ road. 


0-07 


13-22 


1315 




103956 


285-76 


Edge of road. 


4-40 


13-15 


8-75 




103966 


29016 


Top of bank. 


4-27 


8-75 


4-48 




103976 


294-43 


Do. do. 


0-16 


4-48 


4-32 




104000 


294-59 






2-44 


8-84 


6-40 




288-19 


B.M. south sideof line. 


6-01 


8-84 


2-83 




104100 


294-20 






074 


2-18 


1-44 


104200 


292-76 






2-18 


5-35 


3-17 


104300 


289-59 






6-77 


7-28 


0-51 


104400 


289-08 




0-03 


7-28 


7-25 




104490 


289-11 


Edge of ditch. 




7-25 


8-36 


Ml 


104492 


288-00 


Bottom of ditch. 


4-79 


8-36 


3-57 




104500 


292-79 


Stump, top of bank. 


0-62 


3-37 


2-75 




104600 


293-41 




1-32 


2-75 


1-43 




104700 


294-73 






MO 


2-25 


1-15 


104800 


293-58 






2-25 


8-88 


6-63 


104900 


286-95 


Enter alder plantation. 




5'6o 


9-53 


3-88 


104920 


283-07 






9-53 


11-50 


1-97 


105000 


281-10 




0-33 


5-85 


5-52 




105021 


281-43 






5-52 


12-01 


6-49 


105100 


27494 






12-01 


12-87 


0-86 


105148 


274-08 




2-10 


12-87 


10-77 




105190 


276-18 


r Foot of bank, which 


2-18 


10-77 


8-59 




105200 


278-36 


< rises perpendicu- 
(^ larly 1 foot. 


7-19 


8-59 


1-40 




105300 


285-55 
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FIELD NOTES— Working Section. 



Rise. 


Back 
sight. 


Fore 
sight. 


Fall 


Tx:^.„„^ Reduced 
Distance, j^^^,^ 


Remarks. 










. 2S5'55 Brought forward. 


3-80 


8-22 


4-42 




105400 289 35! 


1-45 


4-42 


2^7 




105500 290 80 


- 




2 97 


3-39 


0-42 


105600 290-38 






3-39 


5-51 


212 


105700 28826 






5-51 


7-67 


216 


105800 286-10 






5-41 


668 


1-27 


105827 284-83 


Edge of ditch. 




6-68 


8-56 


1-88 


105832 282-95 


Bottom of ditch. 


2-48 


8-56 


6-08 


6-30 


105837 285-43 


Top of bank. 




6-08 


12-38 


4-34 


105854 


279-13 


Foot of bank. 




12-3S 


16-72 


0-62 




274-79 






2-04 


2-66 


3-82 


105900 


274-17 






2-66 


6-48 


2 38 


105940 


270-35 


Edge of ditch. 




6-48 


8-86 




105944 


267-97 


Bottom of ditch. 


2-86 


8-86 


6-00 


1-58 


105952 


270-83 Top of bank. 




6-00 


7-58 


3-16 


105960 


269-25 


Foot of bank. 




7-58 


10-74 


4-91 


106000 


266-09 






3-33 


8-24 


0-91 


106095 


261-18 


Top of bank. 




8-24 


9-15 


4-19 


106100 


260-27 


Stump side of bank. 




9-15 


13-34 




106105 


256-08 


Bottom of ditch. 


1-69 


13-34 


11-65 


M5 


106110 


257-77 


Edge of ditch. 




11-65 


12-80 


0-51 


106200 


256-62 






3-62 


4-13 




106300 


256-11 




0-75 


4-13 


3-38 




106349 


256-86 


Foot of bank. 


2-88 


3-38 


0-50 


3-85 


106359 


259-74 


Top of bank. 




0-50 


4-35 




106368 


255 89 


Bottom of side drain. 


0-27 


4-35 


408 


0-23 


106386 


25616 


Centre of parish road. 




4-08 


4-31 




106405 


255 93 


Foot of bank. 


3-74 


4-31 


0-57 


2-45 


106415 


259 67 


Top of bank. 




057 


3-02 


0-41 




2o7-22 






0-99 


1-40 


1-43 


106430 


256-81 


Foot of bank. 




1-40 


2-83 


1-58 


106500 


255-38 






2-83 


4-41 


0-07 


106600 


253-80 






4-41 


4-48 




106700 


253-73 




0-46 


7-80 


7-34 




106800 


254-19 


/ (Crosses foot-path at 
I 106831). 


2-93 


7-34 


4-41 




106900 


257-12 




3-67 


4-41 


0-74 




107000 


260-79 




4-20 


10-63 


6-43 




107100 


264-99 




5-06 


6-43 


1-37 




107200 


270-05 




5-79 


10-76 


4-97 




107300 


275-84 




385 


4-97 


112 


0-05 


107400 


279-69 






5-42 


5-47 




107500 


279-64 




0-91 


5-47 


4-56 


04 4 


107600 


280-55 






4-56 


500 


0-56 


107637 


280-11 


Edge of ditch. 




500 


5-56 




107640 


279-55 


Bottom of ditch. 
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FIELD NOTES— Working Section. 



Bise. 


■Rack 
Right. 


Fore 
sight. 


FaU. 


Distance. 


Reduced 
levels. 


Bemarkfl. 












279-55 


Brought forward. 


3-16 


5-56 


2-40 


0-56 


i 07647 


282-71 


Top of bank. 




2-40 


2-96 




107654 


282-15 


Foot of bank. 


1-58 


2-96 


1-38 




107700 


283-73 




8-84 


9-45 


61 




107800 


292-57 




511 


8-44 


3-33 




107853 


297-68 


Enter plantation. 


2-91 


3-33 


0-42 


1-50 


107857 


300-59 


B. M. on timber stub. 




12-78 


14-28 




107882 


299 09 




4-27 


14-28 


1001 




107900 


303-36 




8-75 


10-01 


1-26 




107947 


31211 




10-42 


14-49 


4-07 




108000 


322-53 




1-21 


407 


2-86 


0-49 


108008 


323-74 






2-86 


3-35 




108024 


323-25 




2-98 


3-35 


0-37 




108047 


326-23 




15-33 


16-35 


102 




108098 


341-56 


r Top of bank, edge of 
\ plantation. 




1-02 


1-32 


0-30 


108100 


341-26 




2-74 


8-66 


5-92 




108200 


344-00 




78 


5-92 


5-14 




108300 


344-78 






5-14 


8-43 


3-29 


108400 


341-49 






1-05 


4-50 


3-45 


108500 


338-04 






4-50 


4-94 


0-44 


108520 


337-60 






4-94 


6-83 


1-89 


108530 


335-71 


Edge of bank. 




6-83 


12-54 


5-71 


108540 


330-00 


Foot of bank. 




12-54 


16-82 


4-28 


108600 


325-72 






Ml 


9-04 


7-93 


108700 


317-79 






1-18 


9-09 


7 91 


108800 


309-88 






1-57 


9-70 


8-13 


108900 


301-75 






1-28 


9-58 


8-30 


109000 


293-45 






1-44 


9-41 


7-97 


109100 


285-48 






1-34 


9-14 


7-80 


109200 


277-68 






1-15 


8-12 


6-97 


109300 


270-71 






304 


4-43 


1-39 


109386 


269-32 


Edge of ditch. 




4-43 


6-22 


1-79 


109390 


267-53 


Bottom of ditch. 


1-06 


6-22 


5-16 




109400 


268-59 


Stump, top of bank. 




516 


11-10 


5-94 


109405 


262 65 


Foot of bank. 


181 


11-10 


9-29 




109500 


264-46 




310 


8-87 


5-77 




109600 


267-56 


At post and rail fence. 


M7 


4-63 


3-46 




109700 


268-73 


Edge of slope. 




3-46 


7-06 


3-60 


109800 


265-13 


X 




1-96 


4-60 


2-64 


109900 


262-49 


Foot of slope. 




4-60 


4-60 




110000 


262-49 




0-93 


4-60 


3-67 




110149 


263-42 






4-58 


5-03 


45 


110377 


262-97 


Stump, end of curve. 


0-63 


5-03 


4-40 






263-60 


On rails at end of curve. 




4-40 


4-58 


0-18 




263-42 


B. M. foot of post. 


3-53 


4-58 


1-05 






266-95 


Top of said post. 
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In taking levels for a minute section where the obser- 
vations must be very numerous, and consequently the 
back and fore sights not very fiir from each other, the 
observer will frequently be able to make a number of 
observations at each setting up of the level at one side of 
his line, so that his instrument may be about equally 
distant from his back and fore observations. Due 
attention to this will save much time and labour, and 
experience will enable the surveyor at a glance to see 
where he can set up his level at every remove forward 
with the greatest advantage. Upon looking down our 
field notes above, it will be seen it seldom occurred that 
only one back and one fore sight was obtained at a 
setting up of the level, and this only took place where 
the ground was very steep : by the first setting up of 
the instrument four forward sights were observed, and 
of course as many back ones ; thus the first back sight 
was 4'47, the corresponding fore sight 4'53 ; this latter 
number was also placed as the back sight for the next 
observation, which was 9*22; this number was in like 
manner placed as the back sight for the next forward 
observation, 5*07, which also became the back sight for 
the last forward observation we could obtain at that 
setting up of the instrument, namely, 0-24 : it should 
here be remarked that there was a necessity to place 
each forward reading as a back observation to the next 
forward reading, otherwise the difierence of level between 
each point of observation would not have been obtained 
without more arithmetical work ; the nunlbers otherwise 
only show the difference of level between each and the 
first point of observation ; besides, by this arrangement, 
the whole section is continuous, however numerous the 
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intermediate observations may be, and having the dis- 
tances opposite, the whole can be plotted off with facility. 
The columns of Rise and Fall need no observation after 
what has already been said upon this subject. The 
column of distances denotes the continuous measure- 
ments from the commencement, Gunter's chain being 
the unit employed. Our notes commence at the 1033rd 
chain, and terminate with the end of the work, 1103 
chains and 77 links, which we consider an ample extract 
for the purposes of the student. The column headed 
" Reduced Levels" contains the height of each point of 
observation above the datum line, which in this case 
was Trinity high-water mark, London Bridge: these 
numbers are obtained by adding the "rises" and sub- 
tracting the "falls" from the preceding reduced level, 
which in our notes commence with 270*72 feet. 



THE SECTION. — SEE PLATE III. 

The datum line must be drawn, every chain should 
then be pricked off and the perpendiculars erected ; the 
chaiQs or stakes should then be numbered beneath the 
datum line, to prevent mistakes, and just above the 
datum line the height of the surface at each stake should 
also be inserted; then the said heights can be pricked 
off upon the perpendiculars respectively, and the inter- 
mediate heights plotted from the field notes without fear 
of error, which otherwise, without great care, would be 
likely to occur in consequence of so many points falling 
near to each other, unless the scale be very large : the 
horizontal scale of the example is 1 inch to 5 chains, 
and the vertical scale 1 inch to 25 feet. Having 
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drawn the undulating line of the surface through these 
points upon the perpendiculars, the gradients or in- 
tended line of railway may next be laid down; the 
extreme left-hand point was given, being the level of the 
rails at the point of junction with another line. The 
railway is represented by two parallel lines, the upper 
one being the upper surface of the rails, and the lower 
one the bottom of the ballasting or formation level, 
being 2*25 lower than the surface of the rails: for a 
short distance the line is level, then it rises at the rate 
of 20 feet per mile, for the two-fold object of dimin- 
ishing the great cutting and of getting sufficiently high 
over the road at stake 1064, to allow (with the lowering 
the surface of the said road a small quantity) of suffi- 
cient headway for the public carriages to pass under the 
railway : from this point the line falls at the rate of 20 
feet per mile for a considerable distance, the object 
being to get as low down as possible further to the 
eastward, where there was to be a considerable embank- 
ment, and by these means such embankment was re- 
duced in dimensions ; and furthermore, the earth from 
the cutting to the right of the road was to be taken east- 
ward to form the said embankment, and therefore the 
down-hill gradient was favourable for carrying on the 
work as well as for the drainage of the cutting. Part of 
the earth from the large cutting was also to be taken 
to the eastward; the ascending gradient, up to the 
bridge, was unfavourable for this purpose, however, 
so far as the bringing out the bottom of the cutting, the 
upper part being brought down by means of inclined 
planes : the ascending gradient was unavoidable in this 
case, but by judiciously working the excavation, little 
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inconvenience and extra expense attended it. Each 
change of gradients is denoted by a strong vertical line 
from the datum to the point of change, and the height 
marked thereon. The quantity of earth-work to form 
the cuttings and embankments with diflferent slopes 
should be written upon them, as shown in our example ; 
also over the line of figures denoting the height of the 
surface above the datum should be placed the depth of 
the cutting from the surface to formation level at the 
same point, or the height of the embankment, as the 
case may be : these heights and depths are those from 
which the calculations of the quantities are to be made, 
and therefore must be strictly correct ; they should not 
be taken from the section by the scale, but should be 
obtained by calculation : the former method being liable 
to error. The calculation may be thus performed. Let 
it be required to find the depth of cutting at stake No. 
1083, where the height of the surface above datum is 
344-78 feet; at stake No. 1064, the height of formation 
level above datum is 269*20, from which point the gra- 
dient descends at the rate of 20 feet per mile, or 0*25 
feet per chain, towards No. 1083; the distance from 
1064 to 1083 is 19 chains, which multiplied by 0-25, 
gives 4*75 for the fall of the railway in the interval 
between the two points ; consequently the height of the 
railway above datum at No. 10*83 is 269*20, minus 
4*75 = 264*45; this sum, subtracted from the whole 
height of the surface, gives 344*78-264*45 = 80*33, 
for the depth of the cutting at that point, and so of all 
the remaining numbers. After giving the above par- 
ticulars nothing need be added upon this subject. 
It may be worth observing, that in laying down the 
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gradients care should be had so to dispose them as to 
produce the minimum quantity of work in the execution, 
and that the cuttings should equalize the embankments, 
or, if anything other\?ise, they should be a little in 
excess, to allow for subsidence or slips in the embank- 
ments. The facilities for working the excavations and 
carrying the earth to bank should also be considered ; a 
down, hill gradient in that direction is most suitable, 
provided it can be obtained without interfering with 
other and often more important considerations: the 
drainage of the works during the formation and after the 
line is completed should also be considered at the time 
of determining the gradients. We have inserted (Table 
I. at the end of the work) a very extensive and useful 
Table of Gradients, which is sufficiently self-explanatory 
as not to require further notice. 

When a surveyor is required to level through a 
country in a perfectly straight line, and has not the 
advantage of its being picketed or poled out, his only 
means to keep a rectilineal course is by ascertaining, as 
accurately as possible, the magnetic bearing of one ex- 
tremity from the other, and work in that direction by 
means of a compass. We once had business of this 
kind, and determined the bearing of our intended line 
from the map of the Ordnance survey (allowing for the 
variation of the needle), and after pursuing the route 
thus determined, we were surprised and delighted at 
finding how exactly we came to our required point, con- 
vincing us (if a proof had been required) how justly the 
public confidence has been placed in our national survey. 

It is seldom the case in practice that the instrument 
can be placed precisely equi-distant from the back and 



ON LEVELLING. 61 

forward staves, on account of the inequalities of the 
ground, &c. It would appear, therefore, to be necessary, 
to make our results perfectly correct, to apply to each 
observation the correction for curvature and refraction, 
as explained in the early pages of our book ; this, how- 
ever, we believe, is seldom done unless in particular 
cases, where the utmost possible accuracy is necessary, 
on account of the smallness of such correction, as may 
be seen by referring to our Table, page 9, where the 
correction for eleven chains is shown to amount to no 
more than y^ of a foot ; and as the difference in the 
distances of the instrument from the back and fore 
staves can in no case equal that sum, it is evident that 
such correction may be safely disregarded in practice. 

Several machines have been constructed or designed 
for the purpose of describing a section of any ground 
passed over by the instrument, which at the same time 
would register the distance passed over, as well- as the 
undulations : perhaps the best of this kind was the onp 
designed and constructed by George Edwards, Esq., Civil 
Engineer, of Lowestoff, which is fully described and illus- 
trated in the forty-fourth volume of the "Transactions 
of the Society of Arts," page 123, to which we refer. 
The use of such machines, however, must, from the 
nature of the work to be performed, be of a very limited 
character. 

We have now described the leading principles and 
practice of levelling as employed in engineering opera- 
tions ; and although our observations may appear to be 
confined to its applicability to railroad purposes, yet the 
intelligent student will find no difficulty in appljdng to 
practice the same principles to eveiy other branch of the 
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profession where levelling operations may be required. 
We might indeed have multiplied instances and ex- 
amples which would in reality have had no other eflfect 
than to swell our volume, as it must have been, to a 
great extent, but simply a repetition of the details already 
given. 

Before closing this subject we cannot refrain from 
stating, that it has long been our opinion that if a 
register could be kept by some public body (as the 
Institution of Civil Engineers) of the height of particular 
spots throughout the kingdom, above some given datum, 
as Trinity high-water mark, London Bridge, or any 
other that might be agreed upon, such a record would 
be invaluable both in a particular and national point of 
view : to the engineer and geologist it would be most 
important, and the whole register could be prepared 
from time to time at a trifling cost, if each engineer and 
surveyor would but contribute to the common stock by 
sending to head-quarters the level of any particular spots 
as he, in the course of his professional engagements, 
may have opportunity of determining them. We con- 
sider that no time is likely to be so favourable for the 
purpose as the present, as nearly tha whole country has 
been levelled over for railway purposes within the last 
few years ; and no doubt the field notes of the greater 
part are still in existence, from which a great many such 
standard levels could be extracted by the parties who 
took the levels, and which in a few years it will be im- 
possible to eliminate. By way of showing more fully 
our meaning, we have extracted from our own levelling 
books a few such standard levels, and arranged them 
after the manner we have above alluded to. 
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COUNTY OF KENT. 

Height in feet 

above Trinity 

high-water mark, 

London Bridge. 

Upper edge of tablet over door of No. 1 Martello Tower, near 

Folkstone 256'4 

Top of first milestone on the road from Folkstone turnpike to 

Dover 402*9 

Top of second milestone, do 510*7 

Surface of ground at Folkstone turnpike gate . . • 534*6 

Dock wall at Dover, opposite Railway Office ... 7*4 



COUNTY OF SUKREY. 

Surface of ground at New Chapel Turnpike gate . . 188*0 

Waste board of Godstone Ponds, back of White Hart Inn . 319*2 
Top of twentieth milestone (from Westminster Bridge) on the 

road from Godstone to East Grinstead .... 287*6 
River Medway (tributary stream) meadows, west side of turn- 
pike road, at Blundley Heath 151*2 

Broadham Green, near Oxted, foot of pointing post . . 268*2 



COUNTY OF SUSSEX. 

Honey-pot Lane, South Chailley Common . 
GuUage Farm, source of the Medway, near the barn 
Waste weir canal (east side of Lindfield) 
Summit of South Downs at Plumpton Plains 
„ „ at Mount Harry . 

Turnpike road, Brighton to Lewes, near the barracks 
Cross roads, at Turner's Hill turnpike gate . 



122*5 
324*6 

82*1 
682-5 
573*3 

85*1 
535*2 



LEVELLING WITH THE THEODOLITE. 

The application of the theodolite to the practice of 
levelling is an operation of great simplicity. We must 
suppose the reader to be already acquainted with the 
construction and method of measuring angles with that 
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valuable instrument; and those who have no such 
knowledge, we refer to the Treatise on Mathematical 
Drawing Instruments spoken of, where every parti- 
cular respecting it may be found. The ordinary 5-inch 
theodolite, of the best construction, is the one we 
i-ecommend to the use of the surveyor, it being suffi- 
ciently accurate for most purposes that fall within his 
province, and is convenient to use on account of its 
portability. A larger theodolite is seldom employed, 
except on surveys of great extent upon trigonometrical 
principles, as those of the United Kingdom under the 
direction of the Board of Ordnance, where theodolites 
of 3 feet diameter have been employed to obtain the 
requisite degree of accuracy. 

To use the theodolite in the common purposes of 
levelling, it is only necessary to set the instrument 
up at every spot on the line of country to be levelled, 
where the inclination changes, without regard to the 
minor inequalities of the surface, taking care that the 
adjustments have been carefully examined and rectified, 
as explained in the book above alluded to, especially 
those adjustments which set the line of collimation, 
and the spirit-level attached to the telescope, parallel 
to each other. Then set the instrument level by means 
of the parallel plate screws, and direct an assistant to go 
forward with a staff, having a vane, or cross piece, fixed 
to it exactly at the same height from the ground as the 
centre of the axis of the telescope. Having gone to the 
forward station, the assistant must hold the staff upright, 
whilst the observer measures the vertical angle, which 
an imaginary line connecting the instrument and staff 
makes with the horizon ; the instrument and staff should 
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then change places, or, to save time, another staff should 
take the place of the instrument, and the instrument be 
removed to the former staff, and from thence the same 
angle should be taken back again, and the mean taken 
as the correct result. 

The distance must then be measured, which will 
furnish all the data required to find the difference of 
level between the places of the instrument and staff; 
this, it will appear evident, is a matter of trigonome- 
trical calculation,* the measured distance being con- 
sidered as the hypothenuse of a right-angled triangle, of 
which the perpendicular is the difference of level. It 
scarcely appears necessary to give the rule for the calcu- 
lation, but for the sake of uniformity we shall do so.f 

Add together the logarithm of the measured distance^ 
and the log. sine of the observed angle; the sum^ rejecting 
10 from the index ^ will he the log. of the difference of 
level^ in feet or links^ ^c, the same as the distance was 
measured in. 

If the distance be measured with Gunter's chain, the 
result (in chains) can at once be obtained in feet, by 
simply adding to the above two logarithms the constant 
1-8195439, which (10 being rejected from the index) 
will give the log. of the height in feet. 

In this manner, by considering the surface of every 
principal undulation as the hypothenuse of a right-angled 
triangle, the operation of levelling may be carried on 
with great rapidity, but, it must be remarked, without 
pretensions to great accuracy ; in fact, in that particular, 
the use of the spirit-level will never be superseded. 

* Capt. Frome's Work, in 8vo., published 1840. 
•j" See Appendix L 
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Another method of applying a theodolite to the pur- 
poses of levelling was introduced by Sir John Macneill. 
He caused to be constructed, by Messrs. Troughton and 
Simms, a more powerful instrument for the purpose. 
It was a combination of the level and the theodolite. 
He set it up at the foot of an inclination, and sent a 
man on with a staff, as above described;, and whilst 
the observer was looking through the telescope, another 
assistant walked along the line, holding up another staff 
at every rise and hollow of the intervening surface, and 
thereby the observer could note how much such rises 
and hollows were below the line of his vision. The 
distances from the instrument to the points where the 
staves were held up could then be measured, and the 
section drawn by simply ruling a line at the angle of 
elevation given by the instrument (or, more correctly, 
by computing the total elevation and setting that up as 
a perpendicular, and drawing the hypothenusal line 
thereto), and marking thereon the measured distances, 
and from such marks drawing perpendiculars of the 
various lengths indicated by the staff at its different 
positions : a line connecting the extremities of the per- 
pendicular will represent the section of the surface line. 

Instead of measuring the distances. Sir John Macneill 
had attached to the eye-end of the telescope a beauti- 
fully made wire micrometer, similar to those applied to 
astronomical telescopes, by which he could tell with 
sufficient accuracy the distances required. This method 
of levelling, like the former by the theodolite, will give 
but a general approximation to the truth, depending in 
a great degree upon the quality of the instruments, and 
the care bestowed upon the operation. 
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PART III. 



COMPUTATION OF EARTH-WORK— ROAD-MAKING— 

THE CLINOMETER, ETC. 

We have now to show the manner of appljdng a section 
to practical purposes. If the object to be attained is the 
making of a raikoad, it is essential that it be formed as 
nearly level, and as perfectly straight, as the surface of 
the ground will admit of; for the nearer it approximates 
thereto, the more profitably will it be worked when com- 
pleted, as locomotive steam-engines perform the most 
work with the least expense when the resistance they 
have to overcome is uniform and invariable. The same 
remarks hold with respect to a turnpike road ; but the 
inclinations on the latter may be made greater and 
more variable, being worked by animal power, which is 
capable of putting forth, on a sudden emergency, a 
greater exertion for a short time, which is not the case 
with elemental or mechanical power beyond limits much 
short of what an animal is capable of. 

Sir Henry Parnell, in his valuable Treatise on Hoads, 
recommends that a road should not be made steeper 
than 1 in 35 ; that is, for every 36 feet in length of road 
surface, the difi^erence of level will be 1 foot, that being 
an inclination which presents no difficulty to fast driving 
either in ascending or descending. But on a line of 

7 2 
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railroad to be traversed by locomotive engines, no rate 
of inclination, or gradient, as it is called,* should exceed 
20 feet in a mile, or 1 in 264. To draw the lines of 
proposed surface (or gradients) upon a section, which 
shall be the most suitable for the purposes intended, and 
at the same time to be the most economical in the 
execution, that is to say, to have the least possible 
quantity of earthwoA i/ cuUings .od e™banLn^ 
requires judgment and experience : no definite rules can 
be given for this purpose, as no two sections present the 
same undulating surface. There is one material point 
we would suggest, and which should be carefully 
attended to; viz., that for every piece of cutting, there 
should be an equal, or rather less^ quantity of embank- 
ment. We say rather less because every newly formed 
embankment experiences a settlement to a greater or 
less degree, and therefore more earth will be required to 
raise it to a proper level. The excess of the cuttings 
above the embankments should never be great, other- 
wise the surplus would have to be disposed of in 
mounds, termed spoil-banks. In no case whatever 
should .the required embankments exceed in cubical 
contents the quantity of cuttings ; for then a serious 
difficulty occurs — land has to be purchased for the 
purpose of digging earth to supply the deficiency, which 
is usually called side cutting. 

* Sir John MacneiU, in his preface to his valuable translation of 
M. Navier's little work on the " Means of comparing the respective 
Advantages of different Lines of Railway," says, " I have rendered the 
word peute by slope^ in preference to inclination^ inclined plane, or 
gradient, considering the two former, though generally used, as im- 
proper expressions ; and the latter, to say the least of it, as having so 
little to recommend it, that I hope it will have an extremely short 
existence in our nomenclature." 
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Suppose in the cut below the upper figure to repre- 
sent the section of an old line of road, and that it were 
required, by cutting and embankment, to reduce it from 
its present hilly surfece to one uniform rate of inclin^^ 
tion fi:om the point A to the point B. The lower 




Cron SecHona, 






extremity A is 10 feet above the datum line of the 
section, and the higher point B 46 feet above the datum ; 
consequently, 46 — 10 = 36 feet, the rise from A to B, 
and the distance 4356 feet, which, divided by the rise 
(36), will give 1 in 121 for the rate of inclination the 
road may be brought to. 

Upon the section draw the straight line AB, which 
will show the extent of cutting and embanking to be 
made. The number of cubic yards of earth to be re- 
moved iQ the cutting between the points B and C, and 
the cubical contents, in yards, of embankment between 
C and A, may then be computed in the following 
manner: 

Divide the quantities of cuttings and embankments, 
as shown upon the longitudinal section, into triangles 
and trapeziums, determined by the undulations of the 
surface lines, as shown in the above engraving, where, 
in the cuttings, a and c are triangles, b a trapezium ; 
and in the embankments d and/ are triangles, e a tra- 
pezium. The form of the excava-tion and embankment 
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is shown by the transverse or cross sections. Let the 
width of the roadway (or base of the cutting, and top 
of the embankment) be 50 feet, including the foot- 
path, &c., on each side; the slope of the cutting to be 
1^ to 1, that is, 1^ horizontal to 1 perpendicular: 
consequently, where the depth is 20 feet, the width of 
the slope at the sur&ce will be 30 feet ; the slope of the 
embankment to be 2 to 1, that is, for 19 feet perpendi- 
cular, the base is to be 38 feet. With these data, the 
cubical quantities, as computed by the valuable Tables 
of Sir John Macneill,* are as follows : 

Excavation . . 81517 yards. 
Embankment . . 57081 ,, 



24436 surplus cutting. 

We have an excess of 24436 cubic yards of excavation, 
which is a quantity far too great. In order, therefore, 
to make the quantity of cutting and embankment more 
nearly balance each other, it would be necessary to 
continue the embankment beyond the point A, which 
would lengthen the inclination, as shown by the dotted 
line drawn from the point B to a; this dotted line 
would now represent the proposed surface of the road. 
By such means we diminish the quantity of cutting, 
and, at the same time, increase that of the embank- 
ments; and also by lengthening the inclination, we 
reduce its steepness. The alteration of the proposed 
surface line must be so made, that the cubical quan- 
tities of excavation and embankment are nearly equal ; 

* " Tables for calculating the cubic quantity of earthwork in the 
cuttings and embankments of canals, railways, and turnpike roads." 
By Sir John Macneill, Civil Engineer, F.B.A.6., &e. 
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leaving, however, a preponderance in favour of the 
latter of about 10 per cent, to supply the deficiency oc- 
casioned by the consolidation and shrinking of the earth ; 
and if any portion of the excess be then remaining, it 
may be disposed of in flattening the slopes of the embank- 
ments, when no more convenient mode presents itself. 

The quantities of earthwork on a given section 
depend upon the arrangement and disposition of the 
gradients^ or proposed surface lines; and there is no 
practical consideration of more consequence to the 
engineer, in laying out a proposed line of surface upon 
a section, especially if it be of any great extent (as the 
present projected lines of railway), than the most judi- 
cious distribution of the cuttings and embankments,- 
which should not only be nearly equal to each other in 
quantity, but the circumstances must be considered 
under which the various embankments have to be sup- 
plied, it not being alone sufficient that for every hollow 
on the section there should be a corresponding protu- 
berance, but that such protuberances be advantageously 
situated for filling the hollows ; for otherwise the work 
assumes a character of difficulty, in consequence of the 
great additional expense of removing the earth to a 
considerable distance ; and if, in addition, the material 
has to be conveyed up an ascent, it will be more tedious 
in the execution. 

Knowing the value of practical examples in ele- 
mentary books, we shall here give the calculations of the 
above results in full, both by the common method; viz., 
The Prismoidal Formula^ and Sir John Macneill's Tables, 
by which the saving of labour by the use of the Tables 
will be made apparent. 
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Priamoidal Formula. — The area of each end added to 
four times the middle area, and the sum multiplied by 
the length divided by 6, will give the solid content. If 
the measures used in the calculation are yards, the 
result will be the content in cubic yards ; but if they are 
feet, the result must be divided by 27, to obtain the 
corresponding number of yards. 



CALCULATION OF THE TBIAKGULAB FOBTION a 
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mean height. 


Slope • 
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1-5 

90 
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13-5 


slope. 
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50 

77 


500 
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18 


9 


mean height. 
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middle area. 
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77 


4 
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1386 


22860 


4 times middle area. 
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1386-0 


area of greater end. 






3672 
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length. 








3672 










22032 








] 

6)1 
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L8360 






2059992 






343332 


cub. content in feet. 






9) 


114444 





or 



12716 cub. content in yards. 
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COMPUTATION OF b. 

Height 18. Area, as before, 1386. 



20 height. 
1*5 slope. 


181 

20j 


heights. 


10-0 
20 


2)38 




300 

50 base. 


19r 
1-5 


mean height, 
slope. 


80 
20 height. 

1 af\f\ f ar^a between 
^^1 iandc. 


9-5 
19 

28-5 
50 


base. 




78-5 
19 


mean height. 




7065 

785 




- 


1491-5 
4 


middle area. 



5966*0 4 times middle area. 
1386 area of lesser end. 
1600 area of greater end. 



8952 
858 length. 



71616 
44760 
71616 

6) 7680816 

3) 1280136 cub. content in feet. 

9) 426712 

47412 cub. content in jardsr 
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OOMPUTATIOK OV «. 

Area 1600, as before. 
^} heights. 

2)20 

10 mean height 
1*5 slope. 

50 
10 

15-0 

50 base. 

65 
10 mean height. 

650 middle area. 
4 

2600 4 times middle area. 
1600 area of greater end. 

4200 
825 length. 

21000 
8400 
33600 

6) 3465000 

3) 577500 cub. content in feet. 

9) 192500 

21389 cub. content in yards. 

a = cub. content 12716 

b = cub. content 47412 

c = cub. content 21389 

Total cuttings . . . .'. . . 81517 cub. yards. 
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COMPUTATION OF EICBANKMENT d. 



19 


height. 


2 


slope. 


38 




60 base. 


88 




19 


height. 


792 




88 




1672 


area. 



01 
19 J heights. 



2)19 



9*5 mean height. 
2 slope. 



19-0 

60 base. 



69 
9*5 mean height. 



34-5 
621 



655'5 middle area. 
4 



2622*0 4 times middle area. 
1672 area of greater end. 



4294 

820 length. 



85880 
34352 

6) 3521080 

3) 586847 ^ont. in cub. feet. 



9) 195616 



21735 cont. in cub. yards. 
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COMPUTATION OF C, 



Height 8. Area, as before, 1672. 



8 height. 
2 slope. 


P 


heights. 


16 

60 base. 

66 
8 height. 


2)27 

13-5 
2 

27-0 


mean height, 
slope. 


628 area. 


50 

77 


base. 




13-5 


mean height 




386 






231 






77 






1039-5 


middle arSa. 




4 






4158-0 


4 times middle area. 




1672 
628 


area of greater end. 
area of lesser end. 


m 


6358 


■ 




825 


length. 




31790 






12716 






50864 






6) 5245360 






3) 874225 


cub. content in feet. 




9) 291408 






32379 

• 


cub. content in yard 
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COMPUTATION OF f. ' 

Area, as before, 528 
J I heights. 

2)8 

4 mean height. 
2 slope. 

8 
50 base. 

58 
4 mean height. 

232 middle area. 
4 

928 4 times middle area. 
528 area of greater end. 

1456 

330 length. 

43680 
4368 

6) 480480 
3) 80080 cub. content in feet. 

9) 26693 

2966 cub. content in yards. 

d = cub. content . . . - • 21735 

e = cub. content ^2379 

/ = cub. content ^966 

Total embankment ^7080 cubic yards. 
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The same quantities computed by Sir John MacneiWs 

Tables. 

THE CUTTINGS. 

COMPUTATION OF a, COMPUTATION OF b. 

Tabular No. ... = 22-67 Tabular No. ... = 55-26 
Length 561 Length 858 

2267 44208 

13602 27630 

11335 44208 

Cont. of a in cub. yards =12717-87 Cont.of 6incnb.yards=47413-08 

COMPUTATION OF C. 

Tabular No = 25-92 

Length 825 

12960 
5184 
20736 

Cont. of c in cub. yards . . = 2138400 
THE EMBANKMENTS. 

COMPUTATION OF d. COMPUTATION OP €, 

Tabular No. ... = -3519 Tabular No. ... = 5000 
Base 50 Base 50 

17-5950 25-0000 

Tabular No. ... + 8-914 Tabular No. . . . + 14-247 

26-509 39-247 

Length 820 Length 825 

530180 196235 

212072 78494 
^ 313976 

Cub. content . = 21737^380 

Cub. content . = 32378775 
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COMPUTATION OF /. 

Tabular No.. =-1481 

Base 50 

7-4050 
Tabular No +1-580 

8-985 
Length 330 

269550 
26955 

Cub. content 2965-050 



RESULTS BY THE TABLES. 

CUTTINGS. EMBANKMENTS. 

a = 12717-9 d = 21737-4 

b = 47413-1 e = 32378-8 

c = 213840 /= 29650 



81515-0 57081-2 

By comparing these results with those obtained by 
the former process, it will be seen that the cubical 
quantity of cuttings differs but two yards, and that of the 
embankments but one yard. The computation by the 
Tables may be abbreviated by using but one place of 
decimals, which would be sufficiently accurate for prac- 
tical purposes. Our object is to show the calculations, 
by the Tables, in their greatest extent, which even then 
produce a great saving of labour, and, of course, a much 
greater probability of accuracy, in consequence of the 
fewer figures employed than the former process. 

It will be seen that the calculation of the embank- 
ments by the Tables is a longer process than that of the 
cuttings, the latter being done by simply multiplying a 
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number taken from the Tables (answering to the height 
or depth at each end) by the length; whilst, for the 
embankments, the tabular number is first multiplied by 
the base (or width of roadway), and to the product is 
added a second tabular number taken out at the same 
time as the first. The first series of Sir John MacneiU's 
Tables contain the numbers corresponding to a base of 
50, and a slope of 1^ to 1 (which is the slope of the 
cuttings in our example). But for a slope of 2 to 1, 
reference must be had to the second series of the same 
Tables, which are applicable to every width of base, and 
fix)m slopes varying fi'om ^ to 1, to 3 to 1. We have 
adopted this example to show the calculations both by 
the particular and general Tables, as the first and 
second series of the valuable work referred to may be 
called. 

The following is an extract from Sir John MacneiU's 
preface to his Tables : — " All practical engineers are 
well aware, by experience, of the inconveniences which 
arise from the length of time necessary for calculating 
the cubic quantity of earthwork in the cuttings and 
embankments of canals, railways, and turnpike roads, 
especially when the section is of considerable extent, 
and the ground very uneven. As calculations of this 
kind are frequently, on a short notice, required to be 
completed within a limited period, the consequence is, 
that errors are almost sure to be made, as a multiplicity 
of figures is necessary, though the calculations in them- 
selves are so very simple. 

" To save time in making these calculations, and 
ensure accuracy in the results, were the principal objects 
I had in view in constructing the following Tables ; how 
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far I have succeeded, must be left to the decision of 
practical men, for whose use they were intended, and 
who are best able to judge of their utility. 

" An advantage may arise from the use of these 
Tables, which I had not at first contemplated. By the 
common but erroneous method of calculation, the 
cuttings may appear to be equal to the embankments ; 
yet when the work is carried into effect, a large quantity 
of earth may be required to make up the embankments, 
or there may be too much earth in the cuttings for the 
embankments, according to the shape or figure of the 
section, as will be shown hereafter. Such a circum- 
stance as this cannot take place if the following Tables 
be used to ascertain the cubic quantities; for, as they 
are calculated from the prismoidal formula, they will 
give the true cubic quantity in any cutting or embank- 
ment ; and consequently, if the cuttings be laid down on 
the section to balance the embankments, they will be 
found in practice to do so, when the work comes to be 
executed. 

" Contractors very frequently find that they have 
more earth to move than they had previously calculated 
upon from the section, and are, therefore^ often great 
losers. This, in most cases, arises from erroneous 
calculations ; for the common practice is, either to add 
the two extreme heights together, and to take half the 
sum for a mean height ; or to take half the sum of the 
areas at each end for a mean area. Both these methods 
are erroneous ; one makes the quantity too much — the 
other too little." 
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SLOPES, ETC. 

As connected with the subject of earth-work, we may 
insert in this place some particulars respecting the 
arrangement of slopes in cuttings and embankments. 
They are usually expressed in terms of the height or 
depth of cutting, as half to one, one to one, two to one, 
&c., signifying that for every foot perpendicular, the 
cutting shall batter half a foot, one foot, two feet, &c. 

The slope adopted must depend upon the nature of 
the material worked upon. Solid rock may be left 
perpendicular, whilst loose friable material, or sand, will 
stand but at a very small angle with the horizon. The 
true criterion to judge of the proper slope to work 
to, is to observe, if convenient, what slope or angle the 
materials naturally assume when left to themselves. 
To determine this by measurement would be trouble- 
some and tedious: but by the aid of a small instru- 
ment called a clinometer, the angle which any sloping 
surface makes with the horizon may be at once mea- 
sured, and the ratio of the slope to the perpendi- 
cular, as one to one, &c., be readily deduced. As 
this very useful portable instrument is not generally 
known, we shall subjoin an engraving and description 
of it. 

The following figure represents a clinometer, or, as it 
is called in some parts of the country, a batter level. 
It consists of a quadrant AB, of about two inches 
radius, attached to a flat bar C D, six inches long. The 
quadrant is graduated to degrees, from B towards A, 
and adjoining the divisions may be inserted, if required, 
the corresponding ratio of the slopes, one to one, &c. 
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An index bar, E, turns upon the centre of the quadrant, 
and carries a spirit-level by which the index may be set 




truly horizontal by the hand; and whatever angle is 
there denoted on the quadrant, will be that of the slope 
required. At F is a hinge-joint, by which the bar C D 
may be folded up, and the instrument can then be 
deposited in a box of very small dimensions, and carried 
in the pocket without inconvenience. 

To use this instrument, open the hinge-joint, and rest 
the edge . of the bar C D on the face of the slope to 
be measured ; then gently move the index E round 
its centre until the attached spirit-bubble assumes a 
central position in its glass tube, and the angle, indicated 
by the index on the graduated arc, will at once measure 
the inclination* The ratio of the slope to the perpen- 
dicular is represented by the natural co-tangent of the 
angle thus measured ; but as the observer may not have 
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at hand a Table of natural co-tangents, &c., we have 
annexed a Table' at once showing the slopes corre- 
sponding to the various angles of inclination likely to 
be required. 

It will appear evident, that the longer the bar C D is, 
the more accurate will the measure of the slope be ; but 
there is no necessity for the instrument to be encumbered 
with a long bar, which would destroy its portability, 
because it can easily be attached, by tying, to the end of 
a long straight rod, which can be furnished by any 
neighbouring carpenter, and the real slope of an undu- 
lating inclined surface can then be accurately measured. 

Table of Slopes. 



Slope or 
Batter 
to 1 foot 
perpen- 
dicular. 



ft. in. 



Batloof 
Slope to 
perpendi- 
cular. 



to 



S nearly 1 
i to 1 
I nearly 1 
i to 1 
I nearly 1 

I 

? 

I 

10 

If 

T5 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Angle of Slope. 



With 
vertical. 



1 12 

2 23 



3 
4 
5 

7 



35 

46 

67 

8 



8 18 

9 28 
11 46 
14 2 
16 16 
18 26 
20 34 
22 37 
24 37 
26 34 
30 15 
33 41 
36 52 
39 48 
42 31 



With 
horizon. 



88 48 

87 37 

86 25 

85 14 

84 3 

82 52 

81 42 

80 32 

78 14 

75 58 

73 44 

71 34 

69 26 

67 23 

65 23 

63 26 

59 45 
56 19 
53 8 

60 12 
47 29 



Slope or 
Batter 
to 1 foot 
perpen- 
dicular. 



Ratio of 
Slope to 
perpendi- 
cular. 



ft. 


in. 






1 





1 to 1 


1 


3 


H » 1 


1 


6 


1- „ 1 


1 


9 


1 1 


2 





2 „ 1 


2 


3 


^i 


,, 1 


2 


6 


2 


» 1 


2 


9 


2] 


„ 1 


3 





3 „ 1 


3 


6 


3i„ 1 


4 





4 » 1 


4 


6 


H,, 1 


5 





6 » 1 


5 


6 


6J„ 1 


6 





6 „ 1 


7 





7 „ 1 


8 





8 „ 1 


9 





9 „ 1 


10 





10 „ 1 


11 





11 „ 1 


12 





12 


„ 1 



Angle of Slope. 



With 
verticaL 



45 
51 20 
56 19 
60 15 
63 26 
66 2 
68 12 

70 1 

71 34 

74 3 

75 58 

77 28 

78 41 

79 42 

80 32 

81 52 

82 63 

83 39 

84 17 

84 48 

85 14 



With 
horizon. 



45 
38 40 
33 41 
29 46 
26 34 
23 58 
21 48 
19 69 
18 26 
15 57 
14 2 
12 32 
11 19 
10 18 
9 28 



8 

7 



8 

7 



6 21 

5 43 

6 12 
4 46 



It is very important, in fixing upon the slopes for the 
sides of an excavation or embankment, to approximate 
very nearly to the inclination at which the ground would 
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naturally stand without slipping ; for if they be made 
greater than necessary, a large quantity of labour, and of 
the surface of the ground, will be uselessly devoted. 
The proper slope for each particular soil can only be 
determined by observation and experience. « An em- 
bankment that would stand perfectly firm, and bear the 
action of the weather, when formed of sand, gravel, 
or the debris of rocks, and other materials that do not 
retain water in their fissures, would not last one winter, 
if it chiefly consisted of clay. The same remark applies 
with equal force to cutting, where it is made through 
a stratum of clay." * "A slope of 1 to 1, that is, a 
slope of 45**, is found sufficient for ordinary earth ; for 
clay 1^ to 1, or a slope of 33® 41' with the horizon, may 
often be required, unless it can be mixed with open 
materials to prevent water collecting in the fissures pro- 
duced by its'shrinkage in dry we.tL. In ofter cL, 
SO steep a face may be left as J to 1, or even ^ to 1 ; 
and the slope that will be likely to stand may easily be 
judged of, by knowing the nature of the strata which 
will be cut through, and examining its state when 
exposed in the surrounding district." 

At Boughton Hill, near Canterbury, there is a large 
cutting through London clay, which, together with the 
embankment at the foot of the hill, formed of the same 
material, has been constantly giving way. The slopes of 
the embankment have been flattened from time to time, 
and now assume some appearance of consolidation ; but 
the slopes of the cutting near the summit of the hill 
continue to slip down upon the roadway. From some 
cross-sections we were able to take a short time since, it 

* Tredgold on Railroads, first edition, page 117. 
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appears that the original slope of the cuttings was about 
2 to 1, forming an angle with the horizon of 26^ 34'; 
but the natural slope assumed by the soft clay where 
it has slipped is about 9^, or a little more than 6^ to 1 . 

ON SELECTING A LINE OF COUNTRY FOR A ROAD OR 

RAILWAY. 

The choice of a suitable line of country for the forma- 
tion of a turnpike-road, a railroad, or a canal, preparatory 
to the levels being taken, requires both judgment and 
care ; otherwise a fruitless expenditure of time in taking 
a number of trial-sections may be the result, if attended 
with no more serious and permanent inconvenience. A 
person undertaking such a work should previously devote 
a little time to obtain a knowledge of the country, its 
localities, its structure, and geological character: such 
knowledge will lead to the choice of several lines of 
direction, which appear to the eye as equally favourable ; 
it then becomes necessary to make such preliminary 
surveys as will enable the engineer to adopt the one 
which, under all circumstances, is likely to prove the 
most advantageous. 

At p. 113 (1st edition) of the late Mr. Tredgold's 
work upon Railroads, we find the following observations 
upon this subject : " In order to facilitate the choice of a 
line as it regards the surface of the country, the engineer 
may be reminded, that even in the disposal which nature 
has made of hills and valleys there is much system. 
Those things which to the first glance of the better- 
informed, and at all times to the ignorant, appear to 
be without order or arrangement, are the result of the 
uniform action of natural causes, and are, in reality, 



ON LEVELLIKG. 



87 



capable of being traced and described with less difficulty 
than would be expected. Where a considerable tract of 
country is to be surveyed, the best index to its elevations 
and depressions is its streams and rivers ; these indicate 
every change of inclination, and, to the experienced eye, 
with considerable precision. It will also be observed, 
that each river has its system of valleys ; and except in 
a few instances, where the draining is eflfected by the 
outburst of an open stratum, a district, whose bounding 
ridge is easily traced, is drained by its river and system 
of valleys. 

" Having formed a tolerable idea of the best direction 
for the road, the next step must be to make a more 
particular survey, with a view to fix nearly the precise 
line. We would recommend the principal engineer to 
have this done by rectangular lines, as infinitely superior 
to surveying by triangles, in giving him an exact know- 
ledge of the surface of the country. Perhaps, with the 
assistance of a diagram, we shall be able to render the 
advantage of this method obvious. 




" Let A B be a portion of the intended line, and C D 
the breadth of the country to be included in the survey. 
At any suitable distances choose stations, a, a, a, their 
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distances apart depending on the changes of level, and 
let the principal line A B, and also the cross lines bb^ bb, 
&c., be accurately levelled, and then drawn, as shown in 
the figure, on the plan of the line of road. If the 
distance bb is required to be considerable, perhaps an 
additional line in the principal direction may be necessary. 
The etched lines show the form of the surface at the 
lines A B, J J, ft J, &c., on the plan ; and the latter being 
sections at right angles to A B, there is no difficulty in 
seeing the extent of cutting, or of embankment, that 
may be avoided by varying the position of the principal 
line. In fex^t, a plan of this kind, to a person fiimiliar 
with sections, is better than a model of the country." 

The most advantageous direction for a line, either of 
roadway or railroad, intended to connect two places, is 
evidently that of a right line, both horizontally and ver- 
tically: if one extremity of the line is more elevated 
than another, the straight line connecting them wiU be 
an inclined plane, having one uniform rate of inclination ; 
but if a uniform slope cannot be obtained in the direct 
line, it is necessary to deviate therefrom to obtain, as 
nearly as the circumstances of the country will admit, 
such an inclined plane, or at least to obtain continued 
progressive rises, avoiding as much as possible the intro- 
duction of useless ascents, that is, ascending where we 
must descend again, and vice versd. When a line of 
road is encumbered with numerous and extensive useless 
ascents, the wasteful expenditure of power in the con- 
veyance of goods is very great, as the number of feet 
actually ascended is increased many times more than is 
necessary, if each height, when once gained, were not 
lost again. 
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Sir Henry Pamell, in his valuable treatise on Roads, 
gives the following instances of this kind of road- 
making : — " As one instance, amongst others, of the 
serious injury which the public sustain by this system 
of roadmaking, the road between London and Bamet 
may be mentioned, on which the total number of per- 
pendicular feet that a horse must now ascend is upwards 
of 1300, although Bamet is only 500 feet higher than 
London ; and in going from Bamet to London, a horse 
must ascend 800 feet, although London is 500 feet lower 
than Bamet." 

Another instance of this defect in road-engineering 
is observable in the line of the old road across the island 
of Anglesea, on which a horse was obliged to ascend and 
descend 1283 perpendicular feet more than was found 
necessary by Mr. Telford, when he laid out the present 
new line, as shown by the annexed Table : 





Height of 

summit above 

high water. 


Total rise 
and fall. 


Length. 


Miles. Yards. 


Old road . 
New road . 


339 
193 


3540 
2257 


24 428 
21 1596 


Difference 


146 


1283 


2 592 



In choosing the best direction for a line of roadway, 
the rate of inclination which can be obtained, with a 
moderate outlay in cuttings and embankments, is a con- 
sideration of greater importance than the mere main- 
taining of a direct line. For though the measured 
length of a circuitous route may be considerably greater 
than the length of a direct line, yet if the inclinations in 
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the former case are much more fevourable than those in 
the latter, it must be evident that more may be gained 
in speed, with the same expenditure of power, than is 
lost by the increase of distance. Thus, if two roads 
rise, one at the rate of 1 in 15, and the other at the rate 
of 1 in 35, the same expenditure of power will move a 
weight through 15 feet of the one and 35 feet of the 
other, at the same rate. 

Upon the subject of the maintenance of turnpike 
roads, we shall annex an abstract of the General Rules 
for Constructing and Repairing Roads, laid down by the 
late Mr. Telford, and which is so fuUy treated upon in 
the important work of Sir H. Pamell on Roads. 

SHAPE, OR TRANSVERSE SECTION. 

The roadway should be 30 feet broad; the centre 
should be 6 inches higher than the level of the sides, 
where the junction of the surface, with the sloping edge 
of the footpaths, or other defining bounds of the road- 
way, form the side channels ; at 4 feet from the centre 
(on each side) the surface should be half an inch lower; 
at 9 feet, it should be 2 inches lower; and at 15 feet, 
its extreme edge, it should be 6 inches lower : this will 
give the form of a flat ellipse, which is well adapted for 
carrjdng off the water to the side channels, without 
making the cross section of the road too round, and 
allow the sun and wind to have a greater effect in 
evaporation, and keeping the road dry. In giving the 
surface one uniform curvature from side to side, the 
surveyor should use such a level as is described at 
page 96. 
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The footpaths should be 6 feet broad, and have an in- 
clined surface of 1 inch in a yard towards the road ; its 
surface should not be lower than the level of the centre 
of the road, and the edge should be sloped down (and 
covered with green sod) to meet the roadway, and form 
the side channel to carry off the water from the surface. 

DRAINAGE. 

All open main drains should be cut on the field side 
of the road fences, and should lead to the natural water- 
courses of the country ; in general, they should be 3 feet 
deep below the bed of the road, 1 foot wide at bottom, 
and from 3 to 4 feet wide at top. Stone drains and cul- 
verts should also be made under the road, and continued 
to the open side drains, or ditches ; side channels (before 
named) must be made on the road side, with openings 
of masonry into the cross drains, to prevent any water 
lying on the road, it being necessary, in order to pre- 
serve the surface of a road perfect, that it be kept com- 
pletely dry. All land springs ought to be carried from 
the site of the road by under-draining. 

FENCES. 

" All road fences should be kept as low as possible, 
never being allowed to exceed 5 feet in height, in order 
that they may not intercept the sun and wind, and 
diminish their effects in producing evaporation ;" and for 
the same reason no trees should be allowed to grow by 
the side of a road ; for by keeping the roads wet, they 
occasion the rapid wear of the materials of which they 
are formed. 



92 A TREATISE 



ROAD MATERIALS. 

The hardest description of stone should always be 
preferred, such as basalt, granite, quartz, &c. " The 
whinstones found in different parts of the United King- 
dom, Guernsey granite, Mountsorrel and Hartshill stone 
of Leicestershire, and the pebbles of Shropshire, Staf- 
fordshire, and Warwickshire, are among the best of the 
stones now commonly in use. The schistus rocks, being 
of a slaty and argillaceous structure, will make smooth 
roads, but they are rapidly destroyed when wet by the 
pressure of the wheels, and occasion great expense in 
scraping, and the constantly laying on of new coatings* 
Limestone is defective in the same respect. Sandstone 
is generally much too weak for the surface of a road ; it 
will never make a hard one. The hardest flints are 
nearly as good as the best limestone; but the softer 
kinds are quickly crushed by the wheels of carriages, 
and make heavy and dirty roads. Gravel, when it con- 
sists of pebbles of the harder sorts of stones, will make a 
good road ; but when it consists of limestone, sandstone, 
flint, and other weak stones, it will not ; for it wears so 
rapidly, that the crust of a road made with it always 
consists of a large portion of the earthy matter to which 
it is reduced, and prevents the gravel from becoming 
consolidated, and the road from attaining that perfect 
hardness it ought to possess."* When the materials 
are stone, they should be broken to a size of a cubical 
form not exceeding 2^ inches in their largest dimensions, 

• Abridged from Sir H. Parnell on Koads, page 271. 
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and should be capable of passing through a ring of that 
diameter. When it consists of gravel, the pebbles which 
are from 1 to 1^ inch in size only should be used for the 
middle part of the road ; all larger pebbles should be 
broken ; the smaller stones may be used for the sides of 
the roads and the footpaths. 

THE FOUNDATION AND DISPOSITION OF MATEBIALS. 

Before the foimdation is laid, the surface on which it 
is to rest must be prepared, by making it level from side 
to side, and, if necessary, raising it so that the finished 
surface of the road may not be below the level of the 
adjoining fields. If the subsoil be wet and elastic, it 
must be rendered non-elastic by whatever means is best 
adapted to overcome the cause, as drainage, &c. The 
foundation should consist of a rough close-set pavement, 
of any kind of stones that can be most readily procured ; 
those set in the middle of the road should be 7 inches in 
depth; at 9 feet from the centre, 5 inches; at 12 feet 
from the centre, 4 inches ; and at 15 feet, 3 inches. 
They should be set with their broadest faces down- 
wards, and lengthwise across the road ; and no stone 
should be more than 5 inches broad on its face. " The 
irregularities of the upper part of the pavement 
should be broken off with the hammer, and all the 
interstices should be filled with stone chips, firmly 
wedged, or packed by hand with a light hammer; so 
that, when the pavement is finished, there may be a 
convexity of 4 inches in the breadth of 15 feet from the 
centre. 

" The middle 18 feet of pavement should be coated 
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with bard broken stones, of the form and size described 
under the head ' Road Materials,' to the depth of 
6 inches. Four of these 6 inches to be first put on, and 
worked in by carriages and horses; care 
being taken to rake in the ruts until the 
surface becomes firm and consolidated, after 
which the remaining 2 inches are to be put 
on. 

" The paved spaces on each side of the 
18 middle feet should be coated with broken 
stones, or well-cleansed strong gravel, up to 
the footpath, or other boundary of the road, 
so as to make the whole convexity of the 
road 6 inches from the centre to the sides of 
it; and the whole of the materials should be 
covered with a binding of an inch and a half 
in depth of good gravel, free from clay or 
earth." 

The footpaths should be made with a 
coating of strong gravel, or small broken 
stones, at least 6 inches deep. The an- 
nexed engraving exhibits a section of a road 
constructed according to the above rules. 

REPAIRING ROADS. 

Towards the latter end of the autumn of 
each year, a road should be put into a com- 
plete state of repair, to pi-eserve it from 
being broken up during the following winter, between 
which time and the preceding spring, all repairs, by 
laying on of new materials, should be done. ]f thin 
coatings be laid on at a time, and when the ground is 
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wet, they will soon be worked into the surface without 
being crushed into powder. . 

All ruts and hollows should be filled up as soon as 
they appear. The side channels and drains should be 
continually kept clean, and free from obstruction ; and 
all damage they may have sustained be made good as 
soon as discovered. 

" A road should be scraped from time to time, so as 
never to have half an inch of mud upon it; the mud 
should not be scraped into, or allowed to remain iij, the 
side channels, so as to stop the running of water in them. 

" The hedges should be kept constantly clipped and 
cut as low as possible, without rendering them unfit for 
confining cattle ; and all projecting branches of the trees 
in the fences should be lopped." 

In the minutes of evidence given before a Select Com- 
mittee of the House of Commons on the subject of Steam 
Carriages, we find the following t)aragraph as part of the 
evidence given by Sir John Macneill : 

" Well-made roads, formed of clean, hard, broken 
stone, placed on a solid foundation, are very little af- 
fected by changes of atmosphere ; weak roads, or those 
that are imperfectly formed of gravel, flint, or round 
pebbles, without a bottoming or foundation of stone 
pavement or concrete, are, on the contrary, much 
aflfected by changes of the weather. In the formation 
of such roads, and before they become bound or firm, a 
considerable portion of the subsoil mixes with the stone 
or gravel, in consequence of the necessity of putting the 
gravel on in thin layers : this mixture of earth or clay, 
in dry warm seasons, expands by the heat, and makes 
the road loose and open ; the consequence is, that the 
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stones are thrown out, and many of them are crushed 
and ground into dust, producing considerable wear and 
diminution of the materials : in wet weather, also, the 
clay or earth, mixed with the stones, absorbs moisture, 
becomes soft, and alloT^s the stones to move and rub 
against each other when acted upon by the feet of horses 
or wheels of carriaores. This attrition of the stones 
against each other wears them out surprisingly fest, and 
produces large quantities of mud, which tend to keep 
the road damp, and by that means increase the injury." 




The above engraving represents the level employed by 
road-surveyors in laying out new works. On the hori- 
zontal bar A C are placed four sliding gauges, a, 6, c, d^ 
which move in dovetailed grooves cut in the horizontal 
bar, and when adjusted to their proper depth below the 
bottom edge of the level, can be firmly fixed in their 
position by a thumb-screw. A section of this portion 
of the instrument, taken through the line at e, is given 
on the right, drawn to a larger scale ; the remaining parts 
of the instrument require no explanation. 

For laying out slopes, the clinometer, described at 
page 82, is the best instrument that can be used- 
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Table L — Showing the reduction upon each chain necessary to reduce 

hypothentisal to horizontal measure. 



Angle of 


Bednction 


Angle of 


Bednction 


Angle of 


Bednction 


ascent or 


in 


ascent or 


in 


ascent or 


in 


descent. 


links. 


descent. 


links. 


descent. 


links. 


O ' 




o / 




/ 




4 


X 


23 48 


H 


33 55 


17 


5 44 


1" 


24 30 


9 


34 25 


17* 


7 2 


6 

i 


25 11 


9i 


34 55 


18 


8 7 


1 


25 51 


10 


35 25 


18* 


11 28 


2 


26 30 


10^ 


35 54 


19 


12 50 


2* 


27 8 


11 


36 24 


19* 


14 6 


3 


27 45 


llj 


36 53 


20 


15 13 


H 


28 22 


12 


37 21 


20* 


16 15 


4 


28 58 


12* 


37 49 


21 


17 15 


H 


29 33 


13 


38 17 


21* 


18 12 


5 


30 8 


13* 


38 45 


22 


19 6 


6i 


30 41 


14 


39 12 


22* 


19 67 


6 


31 15 


14* 


39 39 


23 


20 47 


6^ 


31 48 


15 


40 6 


23* 


21 34 


7 


32 20 


15* 


40 33 


24 


22 20 


7i 


32 52 


16 


40 58 


24* 


23 5 


8 


33 24 


16* 


41 25 


25 



H 
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Table II.— 

• 


'Gradients or Inclined Planes. 




Afloentor 






Aaoent or 






Deecent. 






Descent. 








Bate of 


Angle of 




Bate of 
inclination. 


Angle of 
inclination. 


Inl 
mile. 


Inl 
chain. 




T— ^ 








In 1 
mile. 


Inl 
chain. 


feet 


ft. deo. 




O / // 


feet. 


ft. dec. 




G i jj 


1 


0013 


1 in 5280-0 


39 


51 


0-638 


1 in 103-5 


\^ 9 90 

33 12 


2 


0025 


... 26400 


1 18 


52 


0-650 


... 101-6 


33 51 


3 


0038 


... 17600 


1 57 


53 


0-663 


... 99-6 


34 30 


4 


0050 


... 1320-0 


2 36 


54 


0-676 


... 97-8 


35 10 


5 


0063 


... 10560 


3 16 


55 


0-688 


... 960 


35 49 


6 


0075 


... 880-0 


3 55 


56 


0-700 


... 94-3 


36 28 


7 


0088 


... 754-3 


4 34 


57 


0-713 


... 92-6 


37 7 


8 


0100 


... 660-0 


5 13 


58 


0-725 


... 910 


37 46 


9 


0113 


... 586-7 


5 52 


59 


0-738 


... 89-6 


38 25 


10 


0125 


... 6280 


6 31 


60 


0-750 


... 880 


39 4 


11 


0138 


... 480-0 


7 10 


61 


0-763 


... 86-6 


39 43 


12 


0150 


... 440-0 


7 49 


62 


0-776 


... 86-2 


40 22 


13 


0163 


... 406-1 


8 28 


63 


0-788 


... 83-8 


41 1 


14 


0175 


... 3771 


9 7 


64 


0-800 


... 82-6 


41 40 


15 


0188 


... 352-0 


9 46 


65 


0-813 


... 81-2 


42 19 


16 


0-200 


... 3300 


10 25 


66 


0-825 


... 800 


42 68 


17 


0-213 


... 810-6 


11 4 


67 


0-838 


... 78-8 


43 37 


18 


0-225 


... 293-3 


11 43 


68 


0-860 


... 77-6 


44 16 


19 


0-238 


... 277-9 


12 22 


69 


0-863 


... 76-6 


44 66 


20 


0-250 


... 264-0 


13 1 


70 


0-876 


... 76-4 


45 34 


21 


0-263 


... 251-4 


13 40 


75 


0-938 


... 70-4 


48 50 


22 


0-275 


... 240-0 


14 20 


80 


1-000 


... 66 


52 5 


23 


0-288 


... 229-6 


14 59 


85 


1-063 


... 62-1 


66 20 


24 


0-300 


... 2200 


15 38 


90 


1126 


... 58-7 


68 36 


25 


0-313 


... 211-2 


16 17 


95 


1-188 


... 66-6 


1 1 51 


26 


0-325 


... 203-1 


16 56 


100 


1-260 


... 52-8 


1 5 6 


27 


0-338 


... 195-6 


17 36 


110 


1-376 


... 480 


1 11 37 


28 


0-350 


... 188-6 


18 14 


120 


1-600 


... 44-0 


1 18 7 


29' 


0-363 


... 182-1 


18 63 


130 


1-625 


... 40-6 


1 24 38 


30 


0-375 


... 176-0 


19 32 


140 


1-760 


... 37-7 


1 31 8 


31 


0-388 


... 170-3 


20 11 


150 


1-875 


... 35-2 


1 37 38 


32 


0-400 


... 165-0 


20 50 


160 


2-000 


... 33-0 


1 44 8 


33 


0-413 


... 1600 


21 29 


170 


2125 


... 31-1 


1 50 39 


34 


0-425 


... 155-3 


22 8 


180 


2-260 


... 29-3 


1 57 9 


35 


0-438 


... 150-9 


22 47 


190 


2-375 


... 27-8 


2 3 39 


36 


0-450 


... 146-7 


23 26 


200 


2-500 


... 26-4 


2 10 9 


37 


0-463 


... 142-7 


24 5 


220 


2-760 


... 24-0 


2 23 9 


38 


0-475 


... 138-9 


24 44 


240 


3-000 


... 22-0 


2 36 9 


39 


0-488 


... 135-4 


25 23 


260 


3-260 


... 20-3 


2 49 9 


40 


0-500 


... 132-0 


26 3 


280 


3-600 


... 18-9 


3 2 8 


41 


0-513 


... 128-8 


26 42 


300 


3-760 


... 17-6 


3 16 7 


42 


0-525 


... 125-7 


27 21 


320 


4-000 


... 16-5 


3 28 6 


43 


0-538 


... 122-8 


28 


340 


4-260 


... 15-3 


3 41 4 


44 


0-550 


... 120-0 


28 39 


360 


4-600 


... 14-7 


3 54 2 


45 


0-563 


... 117-3 


29 18 


380 


4-760 


... 13-9 


4 6 59 


46 


0-575 


... 114-8 


29 57 


400 


6-000 


... 13-2 


4 19 56 


47 


0-688 


... 112-3 


30 36 


426 


6-313 


... 12-4 


4 36 7 


48 


0-600 


... 110-0 


31 15 


460 


6-625 


... 11-7 


4 62 17 


49 


0-613 


... 107-8 


31 54 


476 


6-938 


... 11-1 


5 8 26 


50 


0-625 


... 105-6 


32 33 


600 


6-260 


... 10-6 


5 24 36 
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Table III. — To convert Links into Feet, 







- 




CHAINS. 










Links 























1 


2 


3 


4 


5 


6 


7 


8 


9 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


' feet. 


feet. 


feet. 


feet. 





00 


66-0 


1320 


198-0 


264-0 


3300 


396-0 


462-0 


528-0 


594-0 


1 


0-7 


66-7 


132-7 


198-7 


264-7 


330-7 


396-7 


462-7 


528-7 


694-7 


2 


1-3 


67-3 


133-3 


199-3 


265-3 


331-3 


397-3 


463-3 


629-3 


596-3 


3 


20 


680 


134-0 


200-0 


266-0 


332-0 


398-0 


464-0 


530-0 


5960 


4 


2-6 


68-6 


134-6 


200-6 


266-6 


332 6 


398-6 


464-6 


530-6 


696-6 


5 


3-3 


69-3 


135-3 


201-3 


267-3 


333-3 


399-3 


465-3 


531-3 


697-3 


6 


40 


700 


1360 


202-0 


268-0 


334-0 


400-0 


466-0 


532-0 


698-0 


7 


4-6 


70-6 


136-6 


202-6 


268-6 


334-6 


400-6 


466-6 


632-6 


698-6 


8 


6-3 


71-3 


137-3 


203-3 


269-3 


335-3 


401-3 


467-3 


533-3 


599-3 


9 


5-9 


71-9 


137-9 


203-9 


269-9 


336-9 


401-9 

9 


467-9 


533-9 


699-9 


10 


6-6 


72-6 


138-6 


204-6 


270-6 


336-6 


402-6 


468-6 


534-6 


600-6 


11 


7-3 


73-3 


139-3 


205-3 


271-3 


337-3 


403-3 


469-3 


535-3 


601-3 


12 


7-9 


73-9 


139-9 


205-9 


271-9 


337-9 


403-9 


469*9 


535-9 


601-9 


13 


8-6 


74-6 


140-6 


206-6 


272-6 


338-6 


404-6 


470-6 


536-6 


602-6 


14 


9-2 


75-2 


141-2 


207-2 


273-2 


339-2 


405 2 


471-2 


637-2 


603-2 


15 


9-9 


75-9 


141-9 


207-9 


273-9 


339-9 


406-9 


471-9 


537-9 


603-9 


16 


10-6 


76-6 


142-6 


208-6 


274-6 


340-6 


406-6 


472 6 


538-6 


604-6 


17 


11-2 


77-2 


143-2 


209-2 


275-2 


341-2 


407-2 


473-2 


539-2 


605-2 


18 


11-9 


77-9 


143-9 


209-9 


275-9 


341-9 


407-9 


473-9 


539-9 


606-9 


19 


12-5 


78-6 


144-5 


210-5 


276-5 


342-5 


408-5 


474-5 


640-6 


606-6 


20 


13-2 


79-2 


145-2 


211-2 


277-2 


343-2 


409-2 


475-2 


541-2 


607-2 


21 


13-9 


79-9 


145-9 


211-9 


277-9 


343-9 


409-9 


475-9 


541-9 


607-9 


22 


14-5 


80-5 


146-5 


212-5 


278-5 


344-6 


410-5 


476-5 


642-5 


608-5 


23 


15-2 


81-2 


147-2 


213-2 


279-2 


345-2 


411-2 


477-2 


543-2 


609-2 


24 


16'8 


81-8 


147-8 


213-8 


279-8 


345-8 


411-8 


477-8 


543-8 


609-8 


25 


16-5 


82-5 


148-5 


214-5 


280-5 


346-5 


412-6 


478-5 


544-5 


610-5 


26 


17-2 


83-2 


149-2 


215-2 


281-2 


347-2 


413-2 


479-2 


545-2 


611-2 


27 


17-8 


83-8 


149-8 


215-8 


281-8 


347-8 


413-8 


479-8 


545-8 


611-8 


28 


18-0 


84-5 


150-5 


216-5 


282-5 


348-5 


414-5 


480-5 


546-5 


612-5 


29 


19-1 


851 


1511 


217-1 


283-1 


3491 


416-1 


481-1 


547-1 


613-1 


30 


19-8 


85-8 


151-8 


217-8 


283-8 


349-8 


415-8 


481-8 


547-8 


613-8 


31 


20-5 


86-5 


152-5 


218-5 


284-5 


350-5 


416-5 


482-5 


648-5 


614-5 


32 


211 


87-1 


153-1 


2191 


285-1 


351-1 


417-1 


483-1 


649-1 


6161 


33 


21-8 


87-8 


153-8 


219-8 


285-8 


351-8 


417-8 


483-8 


549-8 


615-8 


34 


22-4 


88-4 


154-4 


220-4 


286-4 


352-4 


418-4 


484-4 


550-4 


616-4 


35 


231 


89-1 


1551 


221-1 


287-1 


353-1 


419-1 


4851 


551-1 


6171 


36 


23-8 


89-8 


155-8 


221-8 


287-8 


353-8 


419-8 


485-8 


651-8 


617-8 


37 


24-4 


90-4 


156-4 


222-4 


288-4 


354-4 


420-4 


486-4 


562-4 


618-4 


38 


251 


91-1 


157-1 


223-1 


289-1 


355-1 


421-1 


487-1 


653-1 


619-1 


39 


25-7 


91-7 


157-7 


223-7 


289-7 


355-7 


421-7 


487-7 


553-7 


619-7 


40 


26-4 


92-4 


158 4 


224-4 


290-4 


356-4 


422-4 


488-4 


554-4 


620-4 


41 


271 


931 


159-1 


225-1 


291-1 


367-1 


4231 


489-1 


555-1 


621-1 


42 


27-7 


93-7 


159-7 


2257 


291-7 


357-7 


423-7 


489-7 


566-7 


621-7 


43 


28-4 


94-4 


160-4 


226-4 


292-4 


358-4 


424-4 


490-4 


556-4 


622-4 


44 


29-0 


95-0 


161-0 


227-0 


293-0 


359-0 


426-0 


491-0 


567-0 


6230 


45 


29-7 


95-7 


161-7 


227-7 


293-7 


359-7 


425-7 


491-7 


557-7 


623-7 


46 


30-4 


96-4 


162-4 


228-4 


294-4 


360-4 


426-4 


492-4 


658-4 


624-4 


47 


31-0 


97-0 


163-0 


229-0 


2950 


3610 


427-0 


493-0 


559-0 


625-0 


48 


31-7 


97-7 


163-7 


229-7 


295-7 


361-7 


427-7 


493-7 


559-7 


625-7 


49 


32-3 


98-3 


164-3 


230-3 


296-3 


362-3 


428-3 


494-3 


560-3 


626-3 
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Table III. — To convert Links into Feet (continued). 










CHAINS. 








Links 





















1 


2 


3 


4 


5 


6 


7 


8 


9 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


feet. 


50 


330 


990 


1650 


231-0 


2970 


363-0 


429-0 


495-0 


561-0 


6270 


51 


33-7 


99-7 


165-7 


231-7 


297-7 


363-7 


429-7 


495-7 


561-7 


627-7 


52 


34-3 


100-3 


166-3 


232-3 


298-3 


364-3 


430-3 


496-3 


562-3 


628-3 


53 


350 


1010 


167-0 


233-0 


299-0 


3650 


431-0 


497-0 


563-0 


629-0 


54 


35-6 


101-6 


167-6 


233-6 


299-6 


365-6 


431-6 


497-6 


563-6 


629-6 


55 


363 


102-3 


168-3 


234-3 


300-3 


366-3 


432-3 


498 3 


564-3 


630-3 


56 


370 


1030 


1690 


235-0 


301-0 


367-0 


4330 


4990 


566-0 


6310 


57 


37-6 


103-6 


169-6 


235-6 


301-6 


367-6 


433-6 


499-6 


565-6 


631-6 


58 


38-3 


104-3 


170 3 


236-3 


302-3 


368-3 


434-3 


500-3 


566-3 


632-3 


59 


38-9 


104-9 


170-9 


236-9 

• 


302-9 


368-9 


434-9 


500-9 


566-9 


632-9 


60 


39-6 


105-6 


171-6 


237-6 


303-6 


369-6 


435-6 


501-6 


667-6 


633-6 


61 


40-3 


106-3 


172-3 


238-3 


304-3 


370-3 


436-3 


502-3 


568-3 


634-3 


62 


40-9 


106-9 


172-9 


238-9 


304-9 


370-9 


436-9 


502-9 


568-9 


634-9 


63 


41-6 


107-6 


173-6 


239-6 


305-6 


371-6 


437-6 


503-6 


569-6 


635-6 


64 


42-2 


108-2 


174-2 


240-2 


306-2 


372-2 


438-2 


504-2 


570-2 


636-2 


65 


42-9 


108-9 


174-9 


240-9 


306-9 


372-9 


438-9 


504-9 


570-9 


636-9 


66 


43-6 


109-6 


175-6 


241-6 


307-6 


373-6 


439-6 


505-6 


571-6 


637-6 


67 


44-2 


110-2 


176-2 


242-2 


308-2 


374-2 


440-2 


506-2 


572-2 


638-2 


68 


44-9 


110-9 


176-9 


242-9 


308-9 


374-9 


440-9 


506-9 


572-9 


638-9 


69 


45-5 


111-5 


177-5 


243-5 


309-5 


375-5 


441-5 


507-5 


573-5 


639-6 


70 


46-2 


112-2 


178-2 


244-2 


310-2 


376-2 


442-2 


508-2 


574-2 


640-2 


71 


46-9 


112-9 


178-9 


244-9 


310-9 


376-9 


442-9 


608-9 


574-9 


640-9 


72 


47-5 


113-5 


179-5 


245-5 


311-5 


377-5 


443-0 


509-5 


576-5 


641-6 


73 


48-2 


1142 


180-2 


246-2 


312-2 


378-2 


444-2 


510-2 


576-2 


642-2 


74 


48-8 


114-8 


180-8 


246-8 


312-8 


378-8 


444-8 


510-8 


576-8 


642-8 


75 


49-5 


115-5 


181-5 


247-5 


313-5 


379-5 


445-5 


611-5 


577-5 


643-5 


76 


50-2 


116-2 


182-2 


248-2 


314-2 


380-2 


446-2 


512-2 


578-2 


644-2 


77 


50-8 


116-8 


182-8 


248-8 


314-8 


380-8 


446-8 


612-8 


678 8 


644-8 


78 


61-5 


117-5 


183-5 


249-5 


315-5 


381-5 


447-5 


613-5 


579-6 


646-6 


79 


521 


1181 


184-1 


250-1 


316-1 


382-1 


448-1 


514-1 


680-1 


646-1 


80 


52-8 


118-8 


184-8 


250-8 


316-8 


382-8 


448-8 


514-8 


680-8 


646-8 


81 


53-5 


119-5 


185-5 


251-5 


317-5 


383-5 


449-5 


615-5 


681-5 


647-6 


82 


541 


120-1 


186-1 


252-1 


318-1 


384-1 


450-1 


616-1 


682-1 


6481 


83 


54-8 


120-8 


186-8 


252-8 


318 8 


384-8 


450-8 


516-8 


582-8 


648-8 


84 


55-4 


121-4 


187-4 


253-4 


319-4 


385-4 


451-4 


517-4 


583-4 


649-4 


85 


561 


122-1 


188-1 


254-1 


320-1 


386-1 


452-1 


6181 


684-1 


650 1 


86 


56-8 


122-8 


188-8 


254-8 


320-8 


386-8 


452-8 


618-8 


584-8 


650 8 


87 


57-4 


123-4 


189-4 


255-4 


321 4 


387-4 


453-4 


519-4 


585-4 


651-4 


88 


58-1 


1241 


190-1 


2561 


322-1 


388-1 


454-1 


520-1 


586-1 


652-1 


89 


58-7 


124-7 


190-7 


256-7 


322-7 


388-7 


454-7 


520-7 


586-7 


662-7 


90 


59-4 


125-4 


191-4 


257*4 


323-4 


389-4 


455-4 


621-4 


587-4 


653-4 


91 


60-1 


1261 


192-1 


258-1 


324-1 


390-1 


456-1 


622-1 


588-1 


654-1 


92 


60-7 


126-7 


192-7 


258-7 


324-7 


390-7 


466-7 


522-7 


588-7 


654-7 


93 


61-4 


127-4 


193-4 


259-4 


325-4 


391-4 


457-4 


523-4 


589-4 


666-4 


94 


62-0 


128-0 


194-0 


260-0 


326-0 


392-0 


4580 


524-0 


590-0 


656-0 


95 


62-7 


128-7 


194-7 


260-7 


326-7 


392-7 


458-7 


524-7 


590-7 


656-7 


96 


63-4 


129-4 


195-4 


261-4 


327-4 


393-4 


459-4 


625-4 


591-4 


667-4 


97 


640 


130-0 


19G-0 


2620 


328-0 


394-0 


460-0 


526-0 


592-0 


658-0 


98 


64-7 


130-7 


196-7 


262-7 


328 7 


394-7 


460-7 


626-7 


692-7 


658-7 


99 


65-3 ! 

1 


131-3 


197-3 


263-3 


329-3 


395-3 


461-3 

s 


627-3 


693-3 


659 3 
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Table IV. — To convert Feet into Links, 













FEET. 










Feet. 

























100 


200 


300 


400 


500 


600- 


700 


800 


900 




llnlra. 


linlfR. 


llnlTR. 


linlcs. 


links. 


linlTR. 


links. 


links. 


Unks. 


links. 








151-5 


303-0 


454-5 


606-1 


757-6 


909-1 


1060-6 


12121 


1363-6 


1 


1-5 


153-0 


304-5 


456-1 


607-6 


759-1 


910-6 


1062-1 


1213-6 


1365-2 


2 


30 


154-5 


3061 


457-6 


609-1 


760-6 


912-1 


1063-6 


1215-2 


1366-7 


3 


4-5 


1561 


307-6 


4591 


610-6 


7621 


913-6 


1065-2 


1216-7 


1368-2 


4 


61 


157-6 


309-1 


460-6 


612-1 


763-6 


915-2 


1066-7 


1218-2 


1369-7 


5 


7-6 


159-1 


310-6 


462-1 


613-6 


765-2 


916-7 


1068-2 


1219-7 


1371-2 


6 


9-1 


160-6 


312-1 


463-6 


615-2 


766-7 


918-2 


1069-7 


1221-2 


1372-7 


7 


10-6 


162-1 


313-6 


465-2 


616-7 


768-2 


919-7 


1071-2 


1222-7 


1374-2 


8 


121 


163-6 


315-2 


466-7 


618-2 


769-7 


921-2 


1072-7 


1224-2 


1375-8 


9 


13-6 


165-2 


316-7 


468-2 


619-7 


771-2 


922-7 


1074-2 


1225-8 


1377-3 


10 


15-2 


166-7 


318-2 


469-7 


621-2 


772-7 


924-2 


1075-8 


1227-3 


1378-8 


11 


16-7 


168-2 


319-7 


471-2 


622-7 


774-2 


925 8 


1077-3 


1228-8 


1380-3 


12 


18-2 


169-7 


321-2 


472-7 


624-2 


775-8 


927-3 


1078-8 


1230-3 


1381-8 


13- 


19-7 


171-2 


322-7 


474 2 


625-8 


777-3 


928-8 


1080-3 


1231-8 


1383-3 


14 


21-2 


172-7 


324-2 


475-8 


627-3 


778-8 


930-3 


1081-8 


1233-3 


1384-8 


15 


22-7 


174-2 


325-8 


477-3 


628-8 


780-3 


931-8 


1083-3 


1234-8 


1386-4 


16 


24-2 


175-8 


327-3 


478-8 


630-3 


781-8 


933-3 


1084-8 


1236-4 


1387-9 


17 


25-8 


177-3 


328-8 


480-3 


631-8 


783-3 


934-8 


1086-4 


1237-9 


1389-4 


18 


27*3 


178-8 


830-3 


481-8 


633-3 


784-8 


936-4 


1087-9 


1239-4 


1390-9 


19 


28-8 


180-3 


331-8 


483-3 


634-8 


786-4 


937-9 


1089-4 


1240-9 


1392-4 


20 


30-3 


181-8 


383-3 


484-8 


636-4 


787-9 


939-4 


1090-9 


1242-4 


1393-9 


21 


31-8 


183-3 


334-8 


486-4 


637-9 


789-4 


940-9 


1092-4 


1243-9 


1395-5 


22 


33-3 


184-8 


336-4 


487-8 


639-4 


790-9 


942-4 


1093-9 


1245-5 


1397-0 


23 


34-8 


186-4 


337-9 


489-4 


640-9 


792-4 


943-9 


1095-5 


1247-0 


1398-5 


24 


36-4 


187-9 


339-4 


490-9 


642-4 


793-9 


945-5 


1079-0 


1248-5 


1400-0 


25 


37-9 


189-4 


340-9 


492-4 


643-9 


795-5 


9470 


1098-5 


1250-0 


1401-6 


26 


39-4 


191-0 


342-4 


493-9 


645-5 


797 


948-5 


1100-0 


1251-5 


14030 


27 


40-9 


192-4 


343-9 


495-5 


647-0 


798-5 


950-0 


1101-5 


1253-0 


1404-5 


28 


42-4 


193-9 


345-5 


497-0 


648-6 


800-0 


951-5 


11030 


1254-5 


1406-1 


29 


43-9 


195-5 


347-0 


4985 


650-0 


801-5 


953-0 


1104-5 


1256-1 


1407-6 


30 


45-5 


197-0 


348-5 


500-0 


651-5 • 


803-0 


954-5 


1106-1 


1257-6 


1409-1 


31 


47-0 


198-5 


350-0 


501-5 


653-0 


804-5 


956-1 


1107 6 


1259-1 


1410-6 


32 


48-5 


200-0 


351-5 


503-0 


654-5 


806-1 


967-6 


1109-1 


1260-6 


1412-1 


33 


500 


201-5 


353-0 


504-5 


656-1 


807-6 


959-1 


1110-6 


1262-1 


1413-6 


^4 


51-5 


203-0 


354-5 


506-1 


657-6 


809-1 


960-6 


1112-1 


1263-6 


1415-2 


35 


530 


204-5 


356-1 


607-6 


669-1 


810-6 


9621 


1113-6 


1265-2 


1416-7 


36 


54-5 


206-1 


367-6 


509-1 


660-6 


812-1 


963-6 


1115-2 


1266-7 


1418-2 


37 


561 


207-6 


359-1 


610-6 


662-1 


813-6 


965-2 


1116-7 


1268-2 


1419-7 


38 


57-6 


209-1 


360*6 


612-1 


663-6 


816-2 


966-7 


1118-2 


1269-7 


1421-2 


39 


591 


210-6 


3621 


613-6 


665-2 


816-7 


968-2 


1119-7 


1271-2 


1422-7 


40 


60-6 


212-1 


363-6 


515-2 


666-7 


8182 


969-7 


1121-2 


1272-7 


1424-2 


41 


621 


213-6 


365-2 


616-7 


668-2 


819-7 


971-2 


11227 


1274-2 


1426-8 


42 


63-6 


215-2 


366-7 


518-2 


669-7 


821-2 


972-7 


1124-2 


1276-8 


1427-3 


43 


65-2 


216-7 


368-2 


619-7 


671-2 


822-7 


974-2 


1126-8 


1277-3 


1428-8 


44 


66-7 


218-2 


369-7 


521-2 


672-7 


824-2 


975-8 


1127-3 


1278-8 


1430-3 


45 


68-2 


219-7 


371-2 


522-7 


674-2 


825-8 


977-3 


1128-8 


1280-3 


1431-8 


46 


69-7 


221-2 


372-7 


524-2 


675-8 


827-3 


978-8 


1130-3 


1281-8 


1433-3 


47 


71-2 


222-7 


374-2 


525-8 


677-3 


828-8 


980-3 


1131-8 


1283-3 


1434-8 


48 


72-7 


224-2 


375-8 


627-3 


678-8 


830-3 


981-8 


1133-3 


1284-8 


1436-4 


49 


74-2 


225-8 


377-3 


528-8 


680-3 


831-8 


983-3 


1134-8 


1286-4 


1437-9 
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A TREATISE ON LEVELLING. 



Table IV. — To convert Feet into Links (continued). 









FEET. 










Foot. 





















100 


200 


300 


400 


600 


600 


700 


800 


900 


links. 


llnkH. 


links. 


links. 


links. 


links. 


links. 


links. 


links. 


links. 


50 


75-8 


227-3 


378-8 


530-3 


681-8 


833-3 


984-8 


1136-4 


1287-9 


1439-4 


51 


77 3 


228-8 


380-3 


531*8 


683-3 


834-8 


986-4 


1137-9 


1289-4 


1440-9 


52 


78-8 


230 3 


381-8 


533-3 


684-8 


836-4 


987-9 


1139-4 


1290-9 


1442-4 


53 


80-3 


231-8 


383-3 


534*8 


686-4 


837-9 


989-4 


1140-9 


1292-4 


1443-9 


54 


81-8 


233*3 


384-8 


536-4 


687-9 


839-4 


990-9 


li42-4 


1293-9 


1446-6 


55 


83-3 


2348 


386-4 


537-9 


689-4 


840-9 


9924 


1143-9 


1295-5 


1447-0 


56 


84-8 


236 4 


387-9 


539-4 


690-9 


842 4 


993-9 


1145-5 


1297-0 


1448-5 


57 


86*4 


237-9 


389-4 


540-9 


692-4 


843 9 


995-5 


1147-0 


1298-6 


1450-0 


58 


87-9 


239-4 


390-9 


542-4 


693-9 


845-5 


997-0 


1148-5 


1300 


1451-5 


59 


89-4 


240-9 


392-4 


543-9 


695-5 


847-0 


998-5 


1150-0 


1301-5 


14530 


60 


90-9 


242-4. 


393-9 


545-5 


697-0 


848-5 


1000-0 


1151-5 


1303-0 


1454-6 


61 


92-4 


2439 


395-5 


547-0 


698-5 


850-0 


1001-5 


1153-0 


1304-5 


1456-1 


62 


93-9 


245-5 


397-0 


648-6 


7000 


851-6 


1003-0 


1154-6 


13061 


1457-6 


63 


95-5 


247-0 


398-6 


660-0 


701-6 


863-0 


1004-6 


1166-1 


1307-6 


1469-1 


64 


970 


248-5 


400-0 


651-5 


7030 


864-6 


1006-1 


1167-6 


1309-1 


1460-6 


65 


98-5 


2500 


401-5 


5630 


704-6 


866-1 


1007-6 


1159-1 


1310-6 


1462-1 


66 


1000 


251-6 


403-0 


554-5 


706-1 


857-6 


10091 


1160-6 


1312-1 


1463-6 


67 


101-5 


2530 


404-6 


5561 


707-6 


8591 


1010-6 


11621 


1313-6 


1465-2 


68 


1030 


255-5 


406-1 


557-6 


7091 


860-6 


1T)121 


1163-6 


1315-2 


1466-7 


69 


104-5 


2661 


407-6 


659-1 


710-6 


8621 


1013-6 


1165-2 


1316-7 


1468-2 


70 


106-1 


257-6 


409-1 


560-6 


712-1 


863-6 


1015-2 


1166-7 


1318-2 


1469-7 


71 


107-6 


2691 


410-6 


5621 


713-6 


865-2 


1016-7 


1168-2 


1319-7 


1471-2 


72 


1091 


260-6 


412-1 


663-6 


716-2 


866-7 


1018-2 


1169-7 


1321-2 


1472-7 


73 


110-6 


262-1 


413-6 


565-2 


716-7 


868-2 


1019-7 


1171-2 


1322-7 


1474-2 


74 


112-1 


263-6 


416-2 


566 7 


718-2 


869-7 


1021-2 


1172-7 


1324-2 


1475-8 


75 


113-6 


266-2 


416-7 


668-2 


719-7 


871-2 


1022-7 


1174-2 


1325-8 


1477-3 


76 


115-2 


266-7 


418-2 


569-7 


721-2 


872-7 


1024-2 


1175-8 


1327-3 


1478-8 


77 


116-7 


268-2 


419-7 


571-2 


722-7 


874-2 


1025-8 


1177-3 


1328-8 


1480-3 


78 


118-2 


269-7 


421-2 


572-7 


724-2 


875-8 


1027-3 


1178-8 


1330-3 


1481-8 


79 


119-7 


271-2 


422-7 


574-2 


725-8 


877-3 


1028-8 


1180-3 


1331-8 


14833- 


80 


121-2 


272-7 


424-2 


676-8 


727-3^ 


' 878-8 


1030-3 


1181-8 


1333-3 


1484-8 


81 


122-7 


274-2 


425-8 


577-3 


728-8 


880-3 


1031-8 


1183-3 


1334-8 


1486-4 


82 


124-2 


276 8 


427-3 


578-8 


730-3 


881-8 


1033-3 


1184-8 


1336-4 


1487-9 


83 


125-8 


277-3 


428-8 


580-3 


731-8 


883-3 


1034-8 


1186-4 


1337 9 


1489-4 


84 


127-3 


278-8 


430-3 


681-8 


733-4 


884 8 


1036-4 


1187-9 


1339-4 


1490-9 


85 


128-8 


280-3 


431-8 


583-3 


734-8 


886-4 


1037-9 


1189-4 


1340-9 


1492-4 


86 


130-3 


281-8 


433-3 


584-8 


736 4 


887-9 


1039-4 


1190-9 


1342-4 


1493-9 


87 


131-8 


283-3 


434-8 


586-4 


737-9 


889-4 


1040-9 


1192-4 


1343-9 


1495-4 


88 


133-3 


284-8 


436-4 


587-9 


739-4 


890-9 


1042-4 


1193-9 


1345-5 


1497-0 


89 


134-8 


286-4 


437-9 


589-4 


740-9 


892-4 


1043-9 


1195-5 


1347-0 


1498-5 


90 


136-4 


287-9 


439-4 


590-9 


742-4 


893-9 


1045-5 


1197-0 


1348-5 


1600-0 


91 


137-9 


289-4 


440-9 


592-4 


743-9 


895-5 


1047-0 


1198-5 


13600 


1501-5 


92 


139-4 


290-9 


442-4 


593-9 


745-5 


897-0 


1048-5 


1200-0 


1361-6 


1503-0 


93 


140-9 


292-4 


443-9 


595-5 


7470 


898-5 


1050-0 


1201-5 


13530 


1504-6 


94 


142-4 


293-9 


445-5 


5970 


748-5 


900-0 


1051-5 


1203-0 


1354-5 


15061 


95 


143-9 


295-6 


447-0 


598-5 


750-0 


901-6 


1053-0 


1204-5 


13661 


1507-6 


96 


145-5 


297-0 


448-5 


600-0 


751-5 


9030 


1054-5 


1206-1 


1357-6 


1509-1 


97 


147-0 


298-5 


460-0 


601-5 


7530 


904-6 


1056-1 


1207-6 


1359-1 


1610-6 


98 


148-5 


3000 


451-5 


603-0 


754-6 


906-1 


1057 6 


1209-1 


1360-6 


1512-1 


99 


1500 301-5 


453-0 


604-5 


766-1 


907-6 


1069-1 


1210-6 


13621 


1513-6 

1 
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APPENDIX. 



In the former edition of this work there was an error 
in the Rule which appears, in the present edition, at 
page 65, the word " tangent " having been written for 
"sine." A scientific friend, in noticing this mistake, 
has suggested a convenient method of arranging the 
figures of the calculation when the perpendicular and 
base of a right-angled triangle are both to be computed 
from the base-angle and hypothenuse. The directions 
are as follows : — 

" 1st. Write down the log. of the measured hypo- 
thenuse taken fi'om the table of numbers. 

" 2nd. Over it place the log. sine of the measured 
angle firom table of log. sines, &c., and draw a line 
above. 

" 3rd. Under the log. of the hypothenuse write down 
the cosine of the angle, and then draw a line under it. 
Add the hypothenuse to the sine upwards^ and it will give 
the length of the perpendicular sought in the table of 
numbers. Add the hypothenuse and cosine together 
downwards^ and it will give the length of the base in the 
table of numbers. 

" Note. — I reject 10 from the log. index in both 
sums, because radius 10 stood in the first term, as a 
divisor, in both proportions. 
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" EXAMPLE. 




« From A to Cy I found the angle to be 6° rising — and the length of 
the hTpothenuse A C measured 1240 links. 

** I state the calculation thus : 

2- 11 2657 = log 129^ the perp'. 

2nd, Sme of 6^ = 9-019235 

Ist, Hypothenuse 1240 = 3093422 
3rd, Cosine of 6^ = 9997614 

3*091036 as log 1233t^ ^^^ b^^^- 
Answer : 

Perpendicular . . 1^9^ links. 

Base 1233^ do. 

Hjpothenuse . . 1240 do.** 

We may add here, in reference to the precept in 
italics, at page 65, that the constant number 1*8195439 
is the logarithm of 66, the number of feet in a chain. 
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ON SETTING OUT THE WIDTHS OF GROUND REQUIRED 



FOR THE WOBKS OF A 



RAILWAY OR CANAL, 



ETC., ETC. 



DEPENDING UPON THE DEPTH OF CUTTING OR 

HEIGHT OF EMBANKMENT, 

AND THE TRANSVERSE SLOPE OF THE NATURAL SURFACE. 



BT 
FREDERICK WALTER SIMMS, F.G.S., M.LC.E. 



ON SETTING OUT THE WIDTHS OF GKOUND REQUIRED 

FOB THE WORKS OF A 

RAILWAY OR CANAL, 



When the natural surface of the ground, both longitu- 
dinally and transversely, is upon the same level as that of 
the intended works, the process of setting and staking 
out the widths is very simple. Let us take, for example, 
the case of a railway, the base or bottom width of which, 
when prepared for the reception of the ballasting and 
permanent way, is to be 36. feet; the ratio of the 
incHnation, or batter, of the slopes to the heights, both 
in the cuttings and the embankments, to be 2 to 1; 
beyond which, or at the outward edge, a slip of land 12 
feet wide is to be taken on each side of the railway 
for the fences, &c. First, the centre line must be staked 
out and carefully levelled : it is customary to drive a 
stake, about 2 feet long and about 1^ inch square, into 
the ground at each chain's length, their tops to be upon 
the fair level of the natural surface, thus affording good 
stations for the levelling staves to be held upon; the 
relative level of each stake being then very accurately 
determined with respect to some given datum, they 
become so many zero points for reference in the sub- 
sequent operations. From each of the centre stakes 
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a line must be set out on both sides, and at right angles 
to the centre line, or at right angles to a tangent to the 
centre line at that point, if the centre line be curved : 
upon these transverse lines the required widths of land 
must be set out. Now, if the ground at any of the 
centre stakes is upon the same level as the intended 
base of the railway, nothing more will be required than 
to measure on each transverse line, and in both directions 
from the centre stake, one half the required width, which, 
in our supposed case, is 18 feet for the half width of the 
railway, and 12 feet for the fences; in all 30 feet on each 
side of the centre. But when, as it mostly happens, the 
ground is not on the proposed level of the I'ailway, the 
operation is not quite so simple; and if in addition 
thereto the ground slopes sidewise or at right angles 
to the general direction of the line, the business is still 
more complicated, and requires some skill and care to 
do the work correctly. The method of doing this it is 
now our business to explain. 

The next most simple case to the above is when the 
cross section of the ground is horizontal, be the depth of 
cutting or height of embankment what it may. 



< 36 ^ 

This is shown in the above diagram, which represents a 
cross section of a 20 feet cutting, mth slopes of two 
horizontal to one perpendicular. The horizontal line A B 
at right angles to the centre line represents the natural 
surface of the ground. Under these circumstances it 
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will readily be seen that the half width of the cutting, or 
the distance from the centre to the edge of the slopes C 
and D, equals the half width of the base (18) added 
to the batter of the sloping sides (40), and including the 
12 feet for the fences, the total half width of land 
required for the purposes of such railway would be 
18 + 40 + 12 = 70 feet, and consequently the whole 
required width to be appropriated and 
fenced in for a 20 feet cutting or em- 
bankment, when the ground does not 
slope side wise, would be 140 feet. 

The next and more complicated, and 
also the most frequently occurring case, 
is, when the cross section of the natural 
surface is not horizontal, as shown in 
the annexed diagram, which also repre- 
sents a cutting of 20 feet. 

Let the line A B represent a hori- 
zontal line passing through the centre , 
line C of the railway, which, if it coin- 
cided with the surface of the ground, 
would give AC and CB (each half 
width) 70 feet, as in the former example, 
the depth of cutting and the slopes 
being assumed the same. 

Let the line E H represent the natural 
surface of the ground upon this trans- 
verse section; it will readily be per- 
ceived that the real half width CE (on 
the left of the diagrapa) is much shorter 
than the horizontal or computed half 
width A C, because the ground-line is depressed on that 



20 ci Centre, 
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side of the centre ; likewise the half width C H on the 
other side of the. centre is greater than the said horizontal 
or computed half width, because the ground is there 
elevated above the horizontal line A B passing through 
the centre. To determine exactly the distances C E and 
C H in actual operations in the field, would be attended 
with some difficulty, and consume much time ; but 
the following method, at the same time that it gives 
a sufficiently correct approximation in practice, is also 
a very expeditious one : 

Let us suppose that the point E or distance C E be 
known, and that with a spirit-level we determine the dif- 
ference of level between the points C and E, this difier- 
ence is represented by the line E F, which suppose to be 
one foot; now we have a small right-angled triangle 
A E F, of which E F is determined, being the difference 
of level (one foot), and the slope or ratio of A F to E F 
also given (2 to 1), therefore the side AF is known 
(2 feet), which, subtracted from the computed half 
width A C, leaves F C approximately equal to E C, the 
required half width, sufficiently exact for all practical 
purposes, where the cross section of the ground does 
not differ materially from a horizontal line. 

We have been supposing that the point E is knoWn, 
whereas that point is the object of our search; in prac- 
tice, therefore, we proceed thus: — Take the computed 
half width, and if the ground is depressed^ let a levelling 
staff be held somewhat nearer the point C than the said 
computed half width, for a first approximation to the 
point E ; then determine the difference of level between 
this assumed point and the centre point C, multiply this 
difference of level by the ratio of the slopes (which 
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doubles it when the slope is 2 to 1 ), and subtract the 
result from the computed half width,. which gives a 
more correct approximation to the point E ; now hold 
the staff at this new point and find the difference of 
level as before, again multiply by the ratio of the 
slopes, and deduct the result from the computed half 
width, which second result will in most cases be suflS.- 
ciently near the real half width for a depressed line for 
all practical purposes. 

Example. — Central height (or depth of cutting), 20 
feet, slopes 2 to 1, base 36 feet; the computed half width 
was therefore 58 feet ; the ground being depressed, we 
estimated that the point E might fall short of the com- 
puted half width 2 feet : we therefore directed a levelling 
staff to be held at 56 feet from the centre line (or stake) 
C, at which point another staff was held, and, by means 
of a spirit-level set up at a convenient distance, we 
found the difference of level between these points to be 
0*87 foot, which, multiplied by the ratio of the slopes (2 
to 1)^ gave 1*74 foot to be subtracted from the computed 
half width 58 feet, leaving 56*26 feet for a first approxi- 
mation to the half width C E (see last diagram). Now, 
upon removing the staff to this new point, the difference 
of level was again taken (or rather we should say that 
the staff was again read off, as the level had not been 
disturbed), and found to be 0*91 foot, which, also multi- 
plied by the ratio of the slopes (2 to 1), gave 1*82 foot 
to be subtracted from 58 feet, leaving 56*18 for the 
second approximation, and which was adopted as the 
correct half width for the depressed side of the centre ; 
indeed, in such a case as is above given, where the 
groimd is so nearly horizontal, the first approximation 
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(taken by a person after a Utile practice) may be 
assumed as the correct result, for in the above example 
it differed but -08 fix)m the second determination, and if 
it had been taken a third time it could not have been 
more accurate as £Etr as practice is concerned ; this, how- 
ever, is not the case where the inclination or slope of the 
ground is considerable, for then (if this method be fol- 
lowed) several approximations will be necessary to bring 
the result within admissible limits. 

When the ground is elevated above the horizontal 
line, as shown on the right hand of the diagram, the 
mode of procedure will somewhat differ : thus, instead of 
holding the staff and finding the difference of level at a 
less distance than the computed half width, it must be 
held at a greater distance to obtain the point H by ap- 
proximation ; the difference of level between that point 
and the centre point C being equal to H I, which multi- 
plied by the ratio of the slopes, will give the distance 
B I to be added to the computed half width C B, to ob- 
tain the half width C H ; this may likewise be repeated 
to obtain a more correct result, as described for the other 
or depressed side of the centre C. It will also here be 
obvious to a person possessing but the smallest share of 
mathematical knowledge, that this result is not strictly 
correct, inasmuch as the line C H can never be equal to 
C I, but for practical purposes it is, as before observed, 
sufficiently correct. It may not be altogether unneces- 
sary to observe, in this place, that the corrections B I, 
&c., as shown in the foregoing diagrams, are much ex- 
aggerated, being far greater in proportion to the com- 
puted half width C B, than ever occurs in ordinary prac- 
tice, but this has been done to make our explanations 
more distinct than they otherwise would be. 
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ffl. 



The above particulars have been confined to the case 
of excavations ; we must now show in what the process 
differs when the ground is to be covered with an 
embankment. 

By reversing page 108 we invert 
the diagram, which then represents 
an embankment. The rule for find- 
ing the half width for an embank- 
ment where the transverse section of 
the ground is horizontal, remains the 
same as for the cuttings under like 
circumstances, as may be seen by an 
inspection of the inverted figure of 
the first diagram ; but upon inverting 
the second diagram, it will at once 
be seen that some variation in the 
process is required. Thus : 

The horizontal line is represented 
by that marked A B; C D and C F 
are the computed half widths; CE the 
required half width on the depressed 
side, and C H the required half width 
on the elevated side, the line K L re- 
presenting the natural surface of the 
ground. In the case of an excava- 
tion, we have shown that the real 
half width is greater on the elevated 
side than the computed half width, 
and less on the depressed side ; but it will be seen by the 
above diagram that for an embankment the real half 
width is less on the elevated side, and greater on the de- 
pressed side, than the computed half width; therefore, 

I 



kH 
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in determining the approximate place of the point E on 
the depressed side for an embankment, the staff must be 
held further from the centre than the computed tialf 
width ; and for the point H, or the elevated side, it must 
be held nearer to the centre than the computed half 
width ; and finally, for computing the real half widths 
from the differences of level between the points E and 
the centre, and H and the centre ; on the depressed side 
the difference of level multiplied by the ratio of the 
slopes is to be added to the computed half widths to ob- 
tain the point E, and to be subtracted from the computed 
half widths to obtain the point H. 

The process above described may appear to the reader 
a very tedious one ; it perhaps is so to read ; but a little 
pracfa^^e wiU convince L that it is a very expeditious 
method, for in most cases one setting up of the level 
will answer for several stations, and the multiplication 
by the ratio of the slopes upon such small numbers as 
mostly occur is easily performed, especially if it be an 
even number, as 2 to 1 . The columns of the field-book 
may be arranged as in the following example for making 
the calculations in the field, or may be abridged to suit 
a more convenient-sized book for the pocket, at the 
pleasure of the surveyor ; indeed, all that can be accom- 
plished now of this kind is to give general rules, which 
can be altered and arranged to suit the convenience of 
the surveyor, as experience may point out a more suit- 
able mode of proceeding. The example is taken fi'om 
an extensive field operation by the writer, and shows the 
work both for a cutting and an embankment ; the change 
fi-om one to the other, or the tailing out of the cutting, 
as it is called, being included therein. The slope of the 
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cutting is calculated at 1^ to 1, and that of the embank- 
ment at 2 to 1. The width of the railway was 36 feet, 
consequently half the said width was 18 feet. 
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The first column contains the number of the central 
stakes, reckoned from the commencement of the work, 
which are convenient for reference. 

The second column contains the depth of cutting or 
the height of embankment, as the case may be, at that 
point on the centre line. 

The third column, the computed half width from the 
centre line to the edge of the cutting, or foot of embank- 
ment, upon the supposition that the ground is horizontal 
at right angles to the centre line ; this half width, as 
before explained (p. 109), is found by multiplying the 
central height by the ratio of the slopes, and adding to 
the product half the width at the base of the railway. 

The fourth, fifth, and sixth columns contain the read- 
ings from the levelling staves at the centre stake, and at 
the approximate points E and H (see last diagram). 

The seventh and eighth columns contain the difierences 
of level between the centre stake and the above approx- 
imate points. These numbers are simply the difierences 
of theUtities in the th,.e p,«=edi„g Lunu,, (except 
at stakes 286 and 290, which we will presently explain), 
and the signs + and — denote whether they are positive 
or negative quantities, as respects the centre and the 
approximate points E and H. 

The ninth and tenth columns contain the differences 
of level (contained in columns 7 and 8) multiplied by 
the ratio of the slopes, and must have the same signs 
4- or - as the corresponding numbers in the preceding 
columns. 

The last two columns contain the final half widths 
obtained by adding or subtracting, according to the 
prefixed signs + or — , the numbers in the two pre- 
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ceding columns to the computed half width contained in 
column 3. 

After the explanations already given, the reader can 
find no difficulty in tracing the steps of the example, 
except perhaps with the stakes 286 and 290, where the 
diflference of level on the north side is represented by 
two numbers bracketed together, one having the sign 
-f , and the other — : for the stake 286 the real difference 
of level on the north side the centre is a rise of 1*60, 
that is, the approximate point H is 1*50 foot above the 
centre stake : but it happens that the height of the em- 
ba^ikment itself at that point is to be but 1*43 foot 
(colunm 2) ; therefore the approximate point H is above 
the intended top of the embankment, and consequently 
will not represent the foot of an embankment, but the 
edge of a cutting, and therefore the calculation for the 
half width on the north side must be treated as for a 
cutting whose depth is equal to the height of the ap- 
proximate point H above the intended top of the embank' 
ment ; or, in other words, the excess of the difference of 
level between the centre stake and the approximate 
point H, above the intended height of the embankment, 
is the quantity to be entered in the column (7 or 8) 
^'Difference of Level," and to be computed as for a cutting 
instead of embankment. In the case of stake 286 this 
excess is 0-07, to which is prefixed the sign plus; this 
sum multiplied by the ratio of the slope being additive 
(for a cutting) on the elevated side of the centre, as 
before explained. 

For the stake 290, the north side of the line (colimm 
6) is 1*34 higher than the centre stake, and it, being 
embankment, would have the §ign — prefixed (as shown 
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by the lower number, column 8) : but the central height 
of the embankment at that point is but 1 *22 (column 2) ; 
therefore^ 1-34 - 1-22 = 01 2, which is the depth of 
cutting on the elevated side, and when multiplied by 
the ratio of the slopes is to be added to the computed 
half width to obtain the correct result. When the sur- 
face of the ground is much inclined at right angles to 

the centre line, the niunbers to be 
operated upon become proportion- 
ally large. 

As it is a case of frequent oc- 
currence that one side will be a 
cutting when the other is an em- 
bankment, we wish it to be well 
understood, and therefore annex 
the a<x;ompanying diagram to U- 
lustrate it. 

The line F G represents the 
natural surface of the ground, A B 
the horizontal line at the centre 
stake, C D the intended height of 
the embankment, KL the width 
or base of the railway, 36 feet, part 
of which is an embankment and 
part a cutting; the point E, or 
foot of the embankment, will be 
determined in the usual way, as 
explained at page 113 ; but the 
point H, which is to be the edge 
of the cutting, must be found by 
subtracting D C (the height of 
embankment) from H I (the dif- 
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ference of level) ; the remainder, H M (which is the excess 
of the difference of level between the centre stake and the 
approximate point H above the intended height of embank- 
ment)^ multiplied into the ratio of the slope, must be 
added to the computed half width, or, in other words, 
treated as for a cutting, to obtain the said point H, as 
before stated. By reversing the diagram the correspond- 
iQg case will become evident ; namely, when the centre 
line is in cutting, and one 'side on embankment, while 
the other is in excavation ; and the mode of proceeding 
will at once strike the reader after perusing what we 
have above written. 
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EXAMPLES OF THE MODES OF SETTING OUT 

RAILWAY CURVES. 



There are very few lines of railway so favourably situ- 
ated as to be free from curves of greater or less extent, 
and occurring more or less frequently in their course ; 
and consequently a knowledge of the method of correctly 
and readily laying down these curves upon the ground 
becomes a very necessary and important qualification in 
those engaged in setting out lines of railway. It has not 
therefore been considered out of place to append to a 
work treating on one of the most important branches of 
railway survejdng, a description of the various methods 
which may be employed for this purpose. 

Previously, however, to proceeding to the more prac- 
tical part of the sulgect, it may be desirable to make a 
few observations upon railway curves in general. The 
curve which has been almost universally employed in 
lajdng down lines of railway, is the arc of a circle, 
although it may be shown, that under certain circum- 
stances this curve is not theoretically that which should 
be employed, as affording the least danger from the cen- 
trifiigal tendency of the carriages. It has been generally 
considered, that the true curve was one which commenced 
with an infinite radius, decreasing in a regular manner 
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in advancing on the curve, until the minimum radius of 
curvature required had been attained. This form of 
curve has, however, been deduced upon the assumptipn, 
that the whole of the centrifugal tendency of the car- 
riages is balanced by the superelevation of the outer 
rail, an assumption which is only correct on the suppo- 
sition of the wheels of the carriages being cylindrical, or 
no play being allowed between the flanges and the rails 
— conditions which are never fulfilled in practice. For 
it may be shown, that with conical wheels, and a certain 
amount of play, a portion of the centrifugal tendency 
will always be counteracted by the self-acting adjustment 
produced by the lateral deviation of the carriage on the 
rails, however small the radius of curvature may be ; and 
that when the radius exceeds a certain limit, this adjust- 
ment is perfect, no superelevation of the outer rail being 
then required. 

It is obvious, therefore, that in curves whose radii are 
within this limit, the true form for the curve is one 
whose radius of curvature at its commencement should 
equal this limit, and should decrease in advancing upon 
the curve, according to such a law, that (assuming the 
rise in the outer rail to form a regular inclined plane) 
the unbalanced centrifugal tendency should at every part 
of the curve be exactly counteracted by the amount of 
the superelevation of the rail at that part ; until the top 
of the incline being reached, the radius of curvature 
should then remain constant, being such that the centri- 
fugal tendency of the train should be exactly balanced 
by the combined effect of the lateral deviation of the 
carriages on the rails, and the superelevation of the 
outer rail. When, however, the radius of curvature ex- 
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ceeds this limit, it may be shown that the arc of a circle 
is preferable to any other form of curve. 

Now, if we put d for the diameter of the wheels of the 
carriages, w for the width of the gauge of the line, and p 
for the lateral play allowed on each side^ between the 
flanges of the wheels and the rails (all the dimensions 
being expressed in feet), and ^ being the ratio of inclina- 
tion of the tire of the wheel ; then 

VlAJ^ =r . . . . . .1. 

will be the limit above referred to ; that is, R will be the 
lea^t i^us of curvature which may be used without the 
necessity of raising the outer rail. And for any other 
smaller radius, putting v for the velocity of the train in 
miles per hour, and r for the radius of the curve in feet ; 
then 

•78^ v^ (n d to — 4p r) _ y|. 

n a r 

will be the superelevation of the outer rail in inches, 
which will be required for that radius, in order that the 
whole of the centrifugal tendency of the train may be 
destroyed. 

Although we have thus shown, that for all curves 
having a smaller radius than R, it would not be correct, 
theoretically^ to employ the arc of a circle, it is never- 
theless very questionable whether it would be advisable, 
in practice (except under peculiar circumstances), to 
substitute the theoretical curve in its stead, inasmuch as 
the circular arc possesses the practical advantage of 
being laid down upon the ground with far greater faci- 
lity ; and the only real objection which can be made to 
its use — namely, that of requiring a sudden and instanta- 
neous superelevation of the outer rail at the point where 
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the curve commences— may in a great measure be re- 
moved by commencing to raise the rail before arriving at 
this point, and making the rise form a gradual inclined 
plane, whose summit shall be attained at the commence- 
ment of the curve. By the adoption of this plan, 
although the centrifugal tendency (as without it) com- 
mences suddenly, the counteracting force, produced by 
the superelevation of the outer rail, at the same instant 
attains its maximum, and the two forces therefore balance 
each other. Whereas, without it, the sudden commence- 
ment of the centriiugal force, being entirely unopposed, 
would at first tend to throw the carriages ofi^ the line, 
until, by the gradual elevation of the outer rail, it had 
been entirely destroyed. 

Having thus far pursued the inquiry as to which form 
of curve it is most expedient to employ in practice in 
laying down a line of railway, aud having shown that 
with hardly an exception the arc of a circle is practically 
the best, we shall confine ourselves to describing a few 
of the most generally applicable methods by which the 
circular arc may be traced on the ground. 

The first method which we shall describe is that which 
has in practice been perhaps the most extensively used, 
although it possesses some objections, which we shall 
point out in the sequel. Let A B and C D (fig. 1, plate 
6) be the two straight portions of the line which it is 
desired to connect by a curve, B and C being the two 
points at which the curve falls into the straight lines ; 
and let B &i, bi h^^ 62 63, &c., be the distance which it is 
desired that the points to be found in the curve shall be 
apart : then measure upon the straight line A B pro- 
duced, the distance B (Zi, equal \ in formula IV. below, 
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and from the point ai set off, perpendicular to the same 
line, the distance (Zi Ji, equal to Oi in formula III., 
which will give the first point required in the curve; 
then range a straight line through the points B, 61, and 
upon this line lay off the distance 61, ag, equal to 83 in 
formula VI., and from the point a^ set off, perpendicular 
to the line B ag? the distance ag b^^ equal to o^^ in formula 
v., and the point b^ will be the second point in the 
curve ; then in a similar manner range another line 
through the points bi b^^ upon which measure the dis- 
tance &2 ^89 equal to the distance 83 or bi a^^ and fi'om a^ 
set off as before, perpendicular to the line bi ag, the dis- 
tance a^ 63, equal to o^^ which will determine the third 
point in the curve; and thus proceed until the whole 
extent of the curve has been set out. 

In order to obtain the values of Sj, S25 <>i? and o^^ let r 
equal the radius and d equal the distance B 61, or b^ 62, 
&c., which it is desired that the points found in the 
curve shall be apart (both expressed in feet) ; then 



2r 



= o. ni. 



v'cf*— (?!« = a, IV. 

— - = 00 V. 

r 

T 

As an example of the application of this method, let 
the radius of the curve (r) be 15 chains or 990 feet, and 
the distance B b^ {d) one chain or 66 feet; then from 
formula III. 

_^^ = 2^2 feet = o^ 
2x990 

will be the first offset at a^ ; and 

V662— 2-2« -. 65-963 feet = ^i 
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will be the distance B Oj, to be laid off upon the line 
A B produced to give the place for this offset. Again, 

66 X 65-963 ^ 4.3^^ ^^^^ ^ 
990 

will be the offset at aj? ^3? ^41 &^« J ^^d 

66)<(990-2>2)^g^.3^^^^^^g 
990 * 

will be the distance fti a^^ b^ a^^ &c., to be measured from 
the points h,, b^ &c., in order to give the points a^ a,, a,, 
&c., from which the offsets O2 are to be taken. 

To this method there are, as has been already stated, 
some practical objections, inasmuch as any error which 
may be committed, in setting out only one of the points 
in the curve, will occasion a corresponding error in every 
succeeding one ; and a very trifling inaccuracy in calcu- 
lating either the distance 82? oi* the length of the offset O2, 
from its being frequently repeated, may ultimately cause 
a very considerable deviation from the true curve. Both 
these objections, however, may be in a great measure 
removed by the adoption of the following method of 
checking the position of about every fifth point; or, 
which would be better, first determining the position of 
these points, and then filling in the intermediate ones ; 
and as we consider this modification does away almost 
entirely with the above-mentioned sources of error, we 
shall give an example of its application. 

Let us suppose r and rf, or the radius, and the distance 
the points B, ii, ig? &c., are apart (see figure 2, plate 6), 
to be the same as in the last example — viz., 990 feet and 
66 feet respectively, and let it be determined to check 
the position of every fourth point : then the values of 81, 
82, ^1, and O2, will be the same as before ; but previous to 
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setting out the points 61, 62^ &3, &c., we must calculate 
the distance B Bi to be measured along the line A B pro- 
duced, and the distance Bj 64 to be set off from the 
point Bi to give the position of the fourth point (64) in 
the curve, which may be done as follows: Let the 
distance B Bi equal Aj, and Bi b^ equal Oi ; and let Di 
be the length of the chord line connecting the two 
points B and &4, and be the angle ai B 61 ; then 



and 



^1 


rad 

d 


sin 


/3, 


2 


r sin 4 


/3_ 


= D.. 




rad 




O-'j. 



Then, by substituting Di, Oi, and Aj, for 6?, (?i, and S^, in 
the formulae III., IV., V., and VI., we shall obtain the 
values of Oi, Ai, O2, and Ag, where Ag is the distance 
&4 B2 to be measured upon the chord line Bi b^ produced, 
and O2 is the distance B2 b^ to be set off from B2 in order 
to give the eighth point (63) in the curve ; for the values 
of r and d given above we shall obtain 

Log Oi = 0-342423 = log 2-2 

Log rad = 10000000 



10-342423 
Log d = 1-819544 = log 66 



Log sin /3 = 8-522879 

and ^ = 1° 54' 37'^ .-. 4 = 7° 38' 28" ; then 

Log 2 r = 3-296665 =log 1980 

Log sin 4/3 = 9-123745 



12-420410 
Log rad = lOOOOOOO 



Log Di = 2-420410 = log 263-27. 

K 
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Then from formula III. 
from formula IV. 



-•263-27«-. 85« = 260-92 feet = A, ; 

from formula V. 

2^3:27x2.6092^^^.4^0 
990 * ' 

and from formula VI. 

These being obtained, the position of every fourth point, 
^41 ^sj ^m &c., should be first determined by the dimen- 
sions Ai, Oi, Aj, and O3 ; and then the intermediate 
points ftj, bij isj ^6? ^6? &c., by 81, t?i, 82? and O2, as first 
described. 

The second method which we shall describe may be 
advantageously employed when the radius of curvature 
is large and the centre can be seen from every part of 
the curve. 

Let the lines (figure 3, plate 6) A B and C D as before 
represent the two straight portions of the line required 
to be connected by a curve having a radius of 80 chains 
or 1 mile. First set up a theodolite at B and another at 
C (the two terminations of the straight portions of the 
line) and from each point range a line at right angles to 
the lines A B and C D respectively, and at the inter- 
section of these lines (E), which will be the centre of 
the curve, put up a signal sufficiently conspicuous to be 
seen from any point between B and C. Then produce 
the straight lines A B and C D until they intersect in 
the point F, and on these lines drive in stakes at equal 
distances, a^ a^ a^^ &c., commencing from the points 
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B and C. If r equal the radius, and 8 equal the distance 
between the points ai, ag, a^^ &c., both in feet, then 

will be the distance which must be set off from the first 
point ai, not perpendicular to the line B F, but in the 
direction ai E ; in like manner 



will be the distance to be set off from the point a^ in the 
direction a, E ; and g enerally 

will be the distance to be set off at the nth points from 
BandC. 

For example, let r be 5280 feet and 8 equal 100 feet : 
then 

V 52802+1002-5280 = -94 feet = Oi 

wiU be the distance a^ h, which must be set off from a^ 
in the direction a^ E to obtain the first point h^ in the 
curve; and proceeding in a similar manner with the 
others, the following Table will exhibit the distances to 
be set off at the respective points ai, a^, as, &c. : 

At tty or 100 feet from B, the offset will be *94 feet 

3-79 



a^ 


200 


«3 


300 


«4 


400 


«5 


500 


as 


600 


«7 


700 


«8 


800 


«9 


900 


«10 


1000 


«ll 


1100 


flTij 


1200 


^\Z 


1300 


«U 


1400 


«15 


1500 






8-52 

15-13 

23-62 

33-98 

4619 

60-26 

76-16 

93-86 

113-36 

134-65 

157-68 

182-45 

208-93 



K 2 
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If the extent of the curve is such that the length of 
the offsets before reaching the point F, where the two 
tangent lines intersect, become inconveniently long, so 
as to occasion a loss of time in setting them off, it will 
be advisable to make use of another tangent line as shown 
at G I, fig. 4, plate 7 ; for determining the position of 
which line the following method may be made use of. 
Let r, as before, be the radius, c the number of degrees 
contained by the angle B E C, and n the number of 
tangent lines (as B G, G H, H I, I C) intended to be 
employed; then 

c 

r sin—— — 

= r tao — 
n 

will be equal to the length of any one of these tangent 
lines. As an example, let r be equal to 5280 feet, s 
equal to 60°, and n equal to 4, so that the quotient of € 
divided by n will be IS"*: then the calculation for the 
length of each of the lines B G, G H, &c., will be as 
follows : — 

Logr = 3-722634 

Logtan-^L_= 9-428052 
n 



r sin- 


c 
n 


cos- 


e 



3-150686 =r log 1414-8 

Hence the length of each of the lines B G, G H, &c. will 
be 1414-8 feet. 

Now, having ascertained this length, nothing more 
remains than to set it off from B and C towards F, and 
then to range a line G I from the two points thus 
obtained, which will be the required tangent line : this 
line must then be bisected in the point H, which may 
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readily be done by ranging a line from F to E, which 
having been done, proceed as already described to set off 
the equal distances ^i, ag, ^3, &c., from B and H towards 
G, and from H and C towards I ; and then by setting off 
the distances ai, Ji, ^25 ^25 &c., contained in the Table 
already given, from the several points ai, ag, (Sec, in 
directions radiating to the centre E, the course of the 
curve will be marked by the points &i, 62? ^3? &C'» tbus 
obtained. 

One advantage possessed by the above method is, that, 
knowing exactly the direction in which to lay off the 
offsets (and that by the range of a comparatively distant 
object), the errors which have frequently^ arisen from 
their not having been set off perpendicularly, "where the 
eye has been the only criterion, are entirely obviated ; 
and this method is also entirely free from the objections 
made to the former method. 

When the centre point E cannot be seen from every 
part of the curve, so as to allow the offsets being laid off 
radially, the more usual method may be adopted of 
laying off the offsets perpendicularly to the tangent B F, 
but in this case a cross staff should always be employed 
to insure accuracy, and the distances to be set off from 
the points aj, a^j ^3? &c., will be greater than those 
employed in the previous method, and must be calculated 
from the formula 



r— Vr-^— .^2 = oi 



instead of that given at page 131. 

The third method is most applicable where the radius 
of the curve is small as compared with its extent, and is 
deduced from the well-known theorem, that all angles 
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contained in the same segment of a circle are equal to 
one another.* The method is as follows : — Place a 
theodolite at B and another at C (figure 5, plate 7), the 
two terminations of the straight portions of the line, 
setting the telescope of the instrument at B on C, and 
that at C on F, the point of intersection of the lines A B 
and C D produced ; then if the former be moved through 
an arc of any number of degrees, towards F, and the 
latter the same number of degrees towards B, the point 
Uiy where the lines of collimation of the two telescopes 
intersect, will be a point in the curve ; now let both 
theodolites be again moved the same number of degrees 
and in the same directions as before, and their axes 
produced, or lines of collimation, will again intersect at 
a„ another point in the curve ; and in fact, to whatever 
extent the theodolites are moved, so long as the arc 
described is equal in both, the point of their intersection 
will always be in the required curve. Or more generally, 
suppose the two theodolites to be placed as first des- 
cribed, and then simultaneously to commence to revolve 
with the same uniform angular velocity, the point of 
intersection of their lines of collimation will describe the 
circular arc C, ai, as, a^, . . . . B ; and in equal intervals 
of time, equal portions of the arc will be described, 
which will be half as great as the arc, which would have 
been described in the same time, by the same angular 
velocity, at the centre of the circle (E) ; fi^om which last- 
mentioned circumstance, we may readily calculate the 
magnitude of the angle through which the theodolites at 
B and C must be successively moved, in order that the 

* Euclid, Book III., prop. 21. 
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points «!, ^2, ag, (fee, at which their axes intersect, may 
be at the distance apart which it is desired that they 
should be. If r equal the radius of the curve, d the 
required distance, and the angle ai B C ; then 

d rad 



2r 



= sini3 VIL 



As an example of the application of this method, let r 
equal* 20 chains, or 1320 feet, and let it be required to 
determine points in the curve at distances of about 100 
feet ; now, from the above formula we shall obtain 

Log d = 2-000000 = log 100 
Log rad = 10-000000 



12-000000 
Log2r = 3-421604 = log 2640 



Log sin fi = 8-578396 /. /3 = 2^ 10' 15". 

As it would be inconvenient, however, in practice, to lay 
off so frequently as would be required, an angle with odd 
minutes and seconds, we may instead of the above take 
an angle of 2 degrees, which will make the distance d 
equal 92*13 feet. Having thus determined the angle, 
and placed the theodolites as previously described — viz., 
that at B in the direction BC, and that at C in the 
direction C F — ^the former must be moved 2** towards F, 
and the latter 2° towards B, and a stake driven down at 
their point of intersection ai ; the former must then be 
moved 2° more towards F, and the latter 2° more 
towards B, and another stake put down at their point of 
intersection ag, and so on until the theodolite at B is 
brought to the direction B F, and that at C to the 
direction C B, when the whole of the curve will have 
been staked out as required, the stakes being 92*13 feet 
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apart. This method, the same as the last, is not liable 
to the objections that the first method was, and in- 
addition possesses the very important practical ad- 
vantage, that its accuracy is entirely independent of any 
undulation or change of level in the surface of the 
ground, an advantage which is not possessed by any of 
the other methods which we have described, the whole 
of which would require to have the distances and ofi^sets 
corrected in proportion to the slope of the surface of the 
ground. In a hilly country — and it is in such districts 
that curves most fi-equently occur — ^this circumstance 
will render the last-described method far superior to 
either of those which precede it. 

The next method which we shall give, is that des- 
cribed by Mr. Rankine, in a communication to the 
Institution of Civil Engineers, and depends on the 
theorem * that the angle subtended by any arc of a circle 
at the centre of a circle, is double the angle subtended 
by the same arc at any point in the circumference of the 
circle. The method of proceeding is as follows : first 
place a theodolite at B (figure 6, plate 7), the point 
where the curve commences ; and then lay off^ from the 
line B F the angle B, calculated from formula VII. 
(supposing as before r to represent the radius of the 
curve and d the distance required between the points in 
the curve), and in the direction of the axis of the instru- 
ment set off the distance d^ which will give the first 
point «! in the curve ; in the same manner lay off from 
B F the angle 2 0, and from a^ set off the same distance d^ 
and the point where it cuts the axis of the instrument 

* Euclid, Book III., prop. 20. 
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produced will be the second point a^; and generally by 
• laying off the angle n ^, and setting off from the 
preceding point a^ the distaace d^ the point a^ will be 
given. 

As an example of the application of this method, let r 
equal 19 chains, or 1254 feet, and d equal 100 feet; 
then from formula VIL we obtain 

Log d = 2-000000 = log 100 
Log rad = 10000000 



12-000000 
Log 2 r = 3-399328 = log 2508 



" ' ' Log s^i /3 = 8-600672 .% /3 = 2° 17' 6" ; 

then having placed the theodolite at the point B, lay off 
this angle 2^ 17' 6'' from the line B F, and upon the line 
B Ui thus obtained set off 100 feet, which will give the 
first point in the curve ai; then with an angle of 
4° 34' 12" or 2 3 set off another 100 feet from a,, which 
will give the second point ag? and thus proceed until the 
whole extent of the curve has been set out. 

Having now pointed out several methods of pro- 
cedure, in setting out the curved portions of a line of 
Railway, and having stated generally their relative ad- 
vantages and disadvantages, we must leave it to the 
person using them to determine, from the circumstances 
attending any particular instance, which of these methods 
it would be preferable to employ. It may perhaps be 
necessary to add, that in passing from a curve of greater 
to one of less radius, and vice versd^ or in passing at 
once from a line curving in one direction to a line 
curving in the contrary direction, or a curve of contrary 
flexure, nothing more is requisite than to set off the 
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tangent line to the curve at the point where the altera- 
tion occurs, and then to work from that line as from the 
line A B in any of the methods given above. 

In conclusion, we would urge that too much care 
cannot be employed in the onerations described above, 
much of the SuibUity of the permanent way, freedom 
from jerks and uneasy motion, and also safety in tra- 
velling upon lines of Railway, depending upon the 
accuracy with which the rails are laid, the more espe- 
cially on the curved portions of the line. 
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PREFACE. 



This little volume has been prepared almost entirely with 
•eference to the wants of young men who desire to qualify 
themselves for field service in an Engineer Corps. On that 
account the plainest language has been used to render the 
subject intelligible, — dispensing with mathematical brevity. 

The Table of Natural Sines and Tangents to single minutes, 
in a form sufficiently portable for field use, will supply a want 
which is frequently experienced, not only in the operation of 
laying out curves, but on many other occasions. 

One object in preparing it, was to furnish the profession 
with a Table that should be not only portable, but absolutely 
reliable. Those whose occupations compel them to resort to the 
Tables in common use, must have frequently experienced the 
embarrassment which attends the inaccuracies to which they are 
all subject. So long as a Table is known to contain a single 
error, the position of which is not ascertained, its employment is 
attended with doubt in every instance in which we are obliged 
to refer to it. 

As Button's Tables of Natural Sines and Tangents are 
those most in use among the profession, it will be desirable to 
those persons who possess them, to be able to correct the 
following errors, which I detected in comparing them. 

In HuttorCs Tables^ Fifth Edition y 1811. 

Sine of 6° 8', for -1063426, read -1068426. 
Page 328, at top, for 26 Deg., read 40 Deg. 
Tangent of 44^* 60^, for -1000000, read 1-000000. 
Tangent of 41° 60^, for -8994040, read -9004040. 
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In Dr. Greffory^s corrected Edition (the Sth) of Hutton^s 

Tables, 1838. 
Sine of 40^ 14^ for -7670761, xead -7673761. 

In Hassler's Tables, 1830. 

Sine of 78° 24', read -9706762. 

Sine of 20° 60", „ -8683679. 

Sine of 6e° 19^, „ -9167796. 

Sine of 60^89', „ -8863279. 

Sine of 66<» 2(K, „ -8224761. 

Sine of 68° 4', „ -7993862. 

Sine of 48° 12^ „ -7464760. 

Sine of 46° 8', „ -7077286. 

The discrepancies of 1 in the 7th decimal^ are not considered 
as errors^ as they are occasioned by a neglect of the value of 
the 8th decimal. For calculating curves^ it is not necessary to 
use more than 4 decimals. 

It is scarcely necessary to remark that, beyond 44°, the 
Sines, Tangents, &c. are read upwards, from the bottom of 
the page, using the corresponding column of minutes. To 
find the sine of an angle exceeding 90^, subtract the angle 
from 180^, and take out the sine of the remainder — ^because 
the sine of an angle, and that of what it wants of 180% are the 
same. 

J. C. T. 
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ARTICLE I. 

PRINCIPLES OF LAYING OUT CURVES. 

METHOD 1. 

Te lay out a Curve by means of Tangential Angles. 

If from any point B, ^g. 1, in a straight line A D, we lay off 
number of equal angles, as D B «, 5 B ^, 
t^Uyu'Qv^ &c., and at the same time 
make the chords ^ Sy st^ tUy u v^ &c., 
equal to each other, then the points B, 
s, t, Uy Vy &c., will be situated in the cir- 
cumference of a circle, which is tangen- 
tial to tbe line A D at the point B. 

The first of these angles, D B «, is 
called the tangential angle, as being that 
by which the curve is connected with z 
the tangent A D ; but inasmuch as the 
others are all equal to it, they also are 
called tangential angles. 

If any obstacle, as A, should prevent our seeing from B farther than 
to V, the curve may be continued by removing the instrument to 1^ 
the point preceding v : thence sighting first on v, continue to lay 
off additional tangential angles vuw, wux, &c., as before. Or else, 
moving the instrument to v itself instead of to «, sight back to Uy and 
lay off first the exterior angle pvw, equal to double the tangential 
angle, and afterwards continue the tangential angles wvXy xvg, &c., 
as before, to the end of the curve. 
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Finally, in order to pass from the end of the curve at g^ on to a 
tangent ^z, place the instrument at g^ and sighting back to Xy layoff 
the tangential angle x g o ; then o g continued towards Z will be the 
required tangent (See Art lY.) 

For the tangential angles corresponding to different radii, and 
chords of 100 feet, see page 160. 
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ARTICLE II. 

METHOD 2. 

To lag out a Curve by means of DeJUcHon Angles, 

Fig. 2. First, having, as in method 1, laid off a tangential angle 

D B «, and measured the chord B s, re- 
move the instrument to the end s of the 
chord, and make the exterior angle mst 
equal to twice the tangential angle, and 
measure the chord s t ; and so on at the^ 
other points t^ u, v, &c., making each of 
the exterior angles ntu, ouv, equal to 
twice the tangential angle, and all the 
chords equal ; then will the points B, Sy 
ty Uy Vy &c., be in the circumference of a 
circle which is tangential to the line AD 
at the point B, as by the first method. 
' But if, at any of these points, as r, we 

wish to pass off to a tangent vL, employ at that point the tangential 
angle zv\jy equal to half the deflection angle zvw. (See Art. lY.) 
These exterior angles, included between any chord and the exten- 
sion of the preceding chordy are called deflection angles, or angles of 
deflection^ or angles of curvature. In any given circle, the angle of 
deflection is always precisely double the tangential angle, supposing 
the chords to be equal. At page 160, we give tables of the angles 
corresponding to circles of different radii, embracing the limits of 
railroad practice; and calculated for chords 100 feet in length, that 
being the usual length for a measuring chain on public works. 

N.B. The deflection angle of any curve is equal to the angle t c Uy 
or tcSy &c., at the centre of the circle, subtended by one of the equal 
chords tu or t s. This angle at the centre, so subtended, is called the 
central angle. The tangential angle, being always half the deflection 
angle, is, of course, always half the central angle. 
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ARTICLE III. 

METHOD 3. 

To lay out a Cufve by Eye, 

The deflection angles, fig. 3, est, ft u, guvyhv w, &c., being double 
the tangential angle D B 5, the arcs 
edty/iu, gmvyhnwy &c., are double 
the arc Dcs, since the arcs of circles 
are proportionate to the angles which 
thej subtend ; but the chords et,fu, 
gv, hw, &c., are «o^ double the chord 
D s, since the chords of arcs are not 
proportionate to the arcs or to the 
angles which they subtend. 

The chords ety fu^gvy hWy &c., 
which subtend the deflection angles, 
are called deflection distances; and the 
chord D s, which subtends the tan- ^ 
gential angle, is called the tangential distance. 

But although, in any given circle, the deflection distance is not 
truly twice the tangential distance, yet the difference is so trifling 
in large railroad curves, with chords of but 100 feet, that it may 
generally be neglected in curves of more than 300 feet radius. 

In our tables the precise length of both will be found for different 
radii, and for chords of 100 feet. 

Having these respective distances, we may frequently trace a curve 
on the ground by the eye only, with very tolerable accuracy, sufficient 
for guiding the excavations and embankments, especially on nearly 
level ground. Suppose, for instance, it be required to lay out in this 
manner a curve of 5730 feet radius. 

First, find by the table, page 160, or by Art. XVI., the deflection 
distance e t ovf m, &c., corresponding to a radius of 5730 feet for a 
chord of 100 feet — viz., 1*745 foot ; and also the tangential distance 
D s, -873 of a foot. 

Then from the starting-point B, and in line with AB, measure B D, 
equal 100 feet, and put a pin at D. Also from B, measure the chord 
B Sy equal 100 feet ; at the same time measuring with a graduated 
rod, from the pin D, the tangential distance D *, equal to -873 of a 
foot ; and place a stake at s. The pin at D may then be removed. 

Next, make s e equal to 100 feet, placing a pin at e, precisely in line 
with s B ; also from s measure s t, equal 100 feet ; at the same time 
measuring with the rod, from the pin c, the deflection distance et, 
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cH]ual to 1 '745 foot. Place a stake at /, and remove the pin at e. In 
this manner proceed to find other points as far as the end of the curye 
at V. 

In order to pass the curve, as at t% to a tangent v L, proceed as 
l>ofore, onlj using the tangential distance h n, instead of the deflection 
distance hw. (See Art. IV.) 

This method is abundantly accurate for laying out curves on a 
canal or common road ; and will occasionally answer very well, when 
carefully performed, for railroad curves, in the absence of an instru- 
ment. Thin straight rods, iron-pointed, and a plumb-line should be 
used for ranging the points in the latter case. 

The transit instrument is the best for tracing curves, and running 
lines generally. I prefer the graduations to run from the same zero, 
right and left, to ISCT each way. There should be two verniers, 
graduated to minutes ; by their means half or even quarter minutes 
may generally be estimated with considerable certainty. The tele- 
scope, revolving in a vertical plane, greatly expedites the laying off 
of exterior angles^ after having first sighted backward to the point 
behind. 

The verniers are sometimes graduated to hundredths of a degree ; 
and this division is, in certain cases, the best; but for ^eitera/ purposes, 
tlie division into minutes is to be preferred, as all the printed tables 
of sines, tangents, &c., are calculated for that division. 

ARTICLE IV. 
On Sub- Chords. 

We have hitherto spoken of curves as if they were composed of 

equal chords, each of 100 feet in length. It 
frequently happens, however, that at the end 
of a curve, as at ^, ^g, 4, we are obliged to use 
a shorter or sub-chord, de^ in order to unite 
properly with the tangent ef. 

In that case, and when using Method 1, Art. 

I., of laying out curves by means of tangential 

angles, we must in order to fix the point e, 

lay of![ 2k sub-tangential angle, ^ A e, as much 

smaller than the entire tangential angle B A c, 

OT c Kdy &c., as the sub-chord c?c is smaller 

• than an entire 100 feet chord, Ac, cd, &c. 

Thus, if the sub-chord be one-half, or one- 

fourth, &c., of the entire chord, the sub-tangential angle must he 

one-half, or one- fourth, &c., of the entire tangential angle. 
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This method is not mathematically exact, for the reason stated in 
Art. in. (viz., that the chords subtending different angles are not 
proportional to those angles) ; yet, for curves of 300 or more feet 
radius, and with chords not exceeding 100 feet in length, the error 
is not observable in practice. 

In like manner, when we pass off from a sub-chord, as ate, to a second 
tangent, ef, we must place the instrument at e, and lay off the same 
sub-tangential angle d e g \ or, which is better, take sight from e to 
c, and lay off the angle c e g^ equal to the sum of a tangential and 
the sub-tangential angle. 

But when ming Method 2, Art. IL, of defection angles^ or Method 3, 
Art, III., of deflection distances^ we may calculate the sub-deflection 
angle a s Byfig. 5, and sub-deflection distance a e, formed between a sub- 
chord s e, and the extension s 2,^ of an entire chord g s, with sufficient 
accuracy for curves of SOO or more feet radius, and chords of not more 
than lOOfeety thus : 

BuIc—Sbj, As an entire chord of 100 feet is to the sub-chord 
s e, so is the deflection angle of the curve to a certain angle. Add these 
two angles together and divide their sum by 2, for the sub-deflection 
angle a s e of the sub-chord. 

Example, — The curve, fig. 5, has 
a radius of 319*6 feet, and an angle 
of deflection,/^ s, of 18° for chords 
of 100 feet. The sub-chord * c is 25 
feet in length : what is the sub-de- 
flection angle a s e ; and also the 
sub-deflection distance a e, for the 
sub-chord s e? 

Chord. Sub-Chord. 

Here, as 100 is to 25, 



Fig. 5. 




--.a 



So is 



Def. 


An. of 


Certain 


100 fpet chord. 


Angle. 




18° 


to r 3(y. 



T0 



The sum of these two angles, 18° and 4° 30' = 22° 30^, the half of 
which is 11° 15', the required sub-deflection angle a s e. 

Again, to And the sub-deflection distance a e of the sub-chord s e ; 
take from the table of sines the natural sine of one-half ihe sub-de- 
flection angle a s e, just found. Multiply this natural sine by 2, and 
multiply that product by the length of the sub-chord. 

Example, — The sub-deflection angle is 11° 15' ; one half of it is 
5° 37^', the tabular natural sine of which is '0979, which, multiplied 
by 2, gives '1958 ; this, multiplied by the sub-chord, 25 feet, gives 
4*895 feet, the required sub-deflection distance a e. 

L 2 
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FidrIIj, to find the sub- tangential distance * », by means of which 
to pass from e to the tangent e m, say, As 1 0000 is to the square of 
the sub-chord in feet, so is the tangential distance for 100 feet chord 
to * n. In this instance, we have, As 10000 is to 625, so is 15-69 feet 
to '980 foot, or $ n. 

ARTICLE V. 

Ordinatesfor Entire Chords. 

It would be both tedious, and liable to inaccuracy, to attempt to fix 
all the necessary points in railroad curves by the foregoing means, 
which are employed only for entire chords, or for such sub-chords as 
may be required at the ends of curve;>. 

The best method is to stretch a piece of twine, a by fig. 6, 100 feet 

Fig. 6. long, between two adjacent chord- 

^^^.r-rjTTTn^r-^.Jt^ stakes, and measure off as nearly as may 

,^y"^\\\ I I _!_ 1 1 1 Tms 3 be at right angles to it, with a gradua- 



y^ y * \ ^g^ rod, the previously calculated or- 

dinates c d^ef^g h, &c., placing pegs at rf,/. A, &c.* Our table of 
ordinates, page 162, is calculated for distances apart, be, ce,egy &c,, 
of 5 feet; and for all curves likely to occur in practice. The 5 feet 
distances on the twine should be marked by knots or otherwise ; and 
those at the centre, and half way between it and the ends, be further 
distinguished by tying on pieces of tape. 

The 5 feet distances are only used (after the excavations and em- 
bankments are finished) for placing pegs to guide the laying of the 
rails, and then only for very sudden curves ; for those of large radii, 
distances of 10 feet are sufficiently near, or even 26 feet for very easy 
curves. For guiding the curves of the cuttings and fillings, it is not 
necessary to place the stakes nearer than 50 feet apart ; unless for 
those of less than about 1000 feet radius, when they may be placed 
25 feet apart. Ordinates for radii intermediate to those in the 
table, may either be calculated by the rules given further on, or they 
may be taken proportionally intermediate of the tabular ones, with 
sufficient accuracy for practice. 

Ordina tes for Sub- Chords, 

These may readily be calculated approximately enough for railroad 
practice, for curves of over 300 feet radius, and for chords not ex- 
ceeding 100 feet^ thus : In a circle of given radius, not less than 
about 300 feet, the ordinates of an entire 100 feet chord may be as- 

* On the tops of these stakes small tacks are driven, to define the precise point 
in the curve. 
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Bumed to be to those ot* a sub-chord as the square of the chord is to 
the square of the sub-chord. 

In all our tables the chord is supposed to be 100 feet, the square 
of which is 10000 ; the rule therefore becomes, As 10000 feet : square 
of sub-chord in feet : : Ord. of Chord : Ord. of Sub-Chord ap- 
proximately. 

Example. — In a curve of 5730 feet radius, the middle ordinate of 

a 100 feet chord is '218 of a foot; what will be the length of the 

middle ordinate of a sub-chord of 50 feet? Here, 

v'« «<?iA/^A. o 4f ti^ e*r Mid. Ord. Mid. Ord. Sub- Chord 

hq. of 100 ft. : Sq. of 50 ft. : : ^^ ^^^^^ : approximately. 

10000 : 2500 : : -218 ft. : -0545 ft. 

And so of any other ordinate, always supposing the chord and sub- 
chord to be divided iuto the same number of parts. 

ARTICLE VI. 

Having given the angle a b ^^fig* 7, it is required to find the point a 
or d, at which to commence a curve of given radius. 

Rule. — Subtract half the angle a b d from 90°; the remainder 
will be the angle b c a or bed. From the 
table of tangents take the natural tangent of 
b c a, and multiply it by the given radius ; 
the product will he b a or b d. 

Example, — Let the angle a b d he 120° 
how far from b must we begin, at a or d, to 
lay out a curve, a n d, of 2865 feet radius ? 

Here, half of the angle a b d =^ 60^, which taken from 90° leaves 
the angle bca =^ 30°. The natural tangent of 30° = -5773, which, 
multiplii'd by the radius of 2865 feet, gives 1653*96 feet for b a ov 
bd. (SteArt. Xn.) 

ARTICLE VIL 

Having given the angle a b d, fig, 7, and the distance from h to n or 
d, at one of which we wish to commence a curve, it is required 
to find what radius, c a or c d, the curve must have, in order to 
unite with h a and h d tangentialli/ at a and d. 

Rule, — Subtract the angle a b c, which is half the angle a b d, 
from 90°; the remainder will be the angle b c a or b c d. Then as 
natural sine of 6 c a* is to natural sine of a b c,")* so is a 6 to a c, 
the radius required. 

* The aDgle opposite the given side, a b. 
I The angle opposite the required side, a c. 
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Example. — Lei tlie angle abdhe 120°, and the distance b a or bd 
1654 feet; what will be the radius a c or c </ of a circle that shall 
touch a and d tangentially ? 

Here, the angle a b c = half the angle ab d,\s 60°, which, taken 
from 90^, leaves the angle bca or bed=^ 30°. Then, as the natural 
sine of be a (30°) s -5000 is to natural sine of a 6 c (60°) = 
•8660, so is 6 a (1654 feet) to a c (2865 feet), the radius required. 

ARTICLE VIIL 

Having given the radius a c,,/£^. 1^ of a curve, and the angle a b d, 
ii is required to find the number of chords of ]00 feet that will 
constitute the curve. 

Rule. — Subtract the angle abd from 180°, and divide the re- 
mainder by the angle of curvature, or deflection of the curve. The 
quotient will be the required number of chords. 

Example, — Let the angle a6^ be 120°, and the radius a c 2865 
feet. 

Here, the angle abd, 120^, subtracted from 180°, leaves a re- 
mainder of 60°; which, divided by 2°, the angle of deflection for a 
curve of 2865 feet, gives a quotient of 30; which is the required 
number of chords of 100 feet. 

N.6. — Had the quotient contained 21, fraction of a chord, it would 
have indicated that we should have had to employ a sub-chord at the 
end of the curve; for instance, had the number of chords been 30^, a 
sub-chord of 50 feet (very approximately) would have been necessary. 

ARTICLE IX 

How to proceed when the end of a curve does not correctly join the 

tangent. 

We sometimes find, in running out a curve for the number of 
chords determined by the Rule in the preceding Article, that, 
instead of uniting as it should with the previously determined tan- 
Fig. 8. 
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gent d m, fig. 8^ at o, it ends tangentially to a line parallel to said 
tangent, either within it, as at c ; or beyond it, as at b. Being first 
certain that no error has occurred in tracing out the curve, ascertain 
with the compass the bearing of the tangent a d, and, removing the 
compass to the end of the curve at o or 6 (as the case may be), run 
the line bo or c o, in the same course as a d, until it strikes the 
tangent dom; which may be ascertained by ranging two stakes 
placed on the tangent. 

Then measure i o or c o(as the case may be), and if the curve fall 
within the tangent o m, as at c, measure forwards from t towards d 
the distance ta, equal to c o ; or if the curve fall beyond the tangent, 
as at 6, measure backwards from s the distance s a, equal iobo. Then 
the curve retraced from a will terminate tangentially in dm Sit o. 

N.B. — The direction of c o or bo may be ascertained without a 
compass, and better, thus : Multiply the tangential angle of the curve 
by twice the number of chords run, less one ; subtract the product 
from 180°, and sighting back one chord to n or r, lay off* the angle neb 
or r bv, equal to the remainder. For example, if the tangential angle 
be 10°, and from ^ to c be 4 chords, then 7 times 10® taken from 180° 
leaves the angle ncboTrbv=^ 110°. When the product exceeds 
180°, it must be subtracted from 360° for the angle neb or rbv,* 

This case occurs whenever an jerror has been made in measuring 
the distance from d to a. If d a he made too short, the curve sb is 
the result ; and if too long, the curve t c. 

If the error is small, it may be divided equally among the chords 
by measure without retracing the curve with an instrument. This 
method may be employed with perfect security so long as the error 
does not exceed 1 foot to every chord of 100 feet ; and it will never 
be so great if moderate care be taken. 

Thus, if the curve be 20 chords long, and the error 20 feet, the last 
stake may be moved 20 feet, the next 19, the next 18, &c., as nearly 
at right angles to the curve as can be judged by the eye. 

The same ordinates that would have been used had the curve been 
correct will answer for the one so adjusted, without perceptible 
difference. For other cases, see Art. X. 

ARTICLE X. 

Again, it may happen that the error is not caused by a mismeasure- 
ment of the distance a e, figs. 9 and 10, as in the last case ; but by 
mistake in obtaining the angle a ef, 

* In both cases the angle is measured outwardly from the curve ; but when the 
curve falls beyond the tangent, as at b, then b v must be continued inwardly, as b o. 
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If a efy fig. 9,be measured in excess, 9a ae g^ then the curye a6 c, 



Fig. 9. 



Fig. 10. 





calculated for the incorrect angle ae g^ will be found to fall beyond 
the true tangent ef^ as at c ; and the tangents eg and e/not being 
parallel, the curve cannot be ac^usted by either of the methods given 
in the preceding Article, unless the error be within about 1 foot to 
each 100 feet length of curve ; in which case (supposing no other 
error to exist), either of those methods maj be employed with 
sufficient accuracy for practice. 

Also, \iaefy fig. 10, be measured too small, as aeg^ then the curve 
ah Cy calculated for the incorrect angle a e g^ will be found to fall 
within the true tangent 6^^ as at c ; when so, the remarks contained 
in the preceding -sentence are equally applicable here. If the error 
be within 1 foot to 100 feet length of curve, it may be equally divided 
among the chords. But if greater, we must either remeasure the 
angle a e^ correctly, and go over the whole work again, or resort to 
some other mode of obviating the difficulty. The angle a e/may be 
difficult of access ; or the curve may be so long that to retrace it 
would be a work of much labour. We may then adopt the method 
of compound curves (see Art. XIII.), by which much trouble will 
be avoided, and a considerable portion of the first part of the curve 
be allowed to remain as it is. 

Thus, whether the curve ah c fall beyond the true tangent ef^ as 
in fig. 9, or inside of it, as in fig. 10, place the instrument at ft, figs. 9 
and 10 (the point at which the change of radius is to take place), and 
sighting back one chord to w, lay off the tangential angle nhmoi the 
curve a 5 c, and observe where the tangent m h continued strikes ef^ 
as at o. Measure both h o, and the angle h of. Half the angle hof 
taken from 90° gives the angle hho\ then say, 
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As the I ^**- ^^^® ^^ ^^^^^ * * ^ ^P" 1 is to [ 
I posite the giveo side 6 o | I 



{Nat. Sine of angle boh 
opposite the required 
side 6 h^ 
So is The given side 6 o, to The required side or new radius b h. 

Ascertain from the table, or by calculation, the angle of deflection 
and the tangential angle corresponding to this new radius b h ; and 
the new curve commencing at h will terminate tangentiallj to efB,t 
iy as far from o as o is from b. 

For the mode of uniting two curves of different radii, so as to form 
a compound curve, see Art. XIIL 

It will be observed, that when the first curve a be, fig. 10, falls 
inside the tangent ef, the new curve must be of greater radius ; and 
when beyondy fig. 9, of a less one. 

ARTICLE XI. 

Having given the angles a b c and b c ^yfig^ 11, and the distance b c, 
it is required to find the greatest radius, g i or h i, that can be 
employed in a reverse curve (see Art. XIV.), f o i n m, for 
uniting a b ^o c d. 

Rule, — ^^Half the angle abc taken from 90° leaves the angle bgi\ 
and half the angle bed taken from Fig- ii- 

90° leaves the angle i h c. 

From the table of tangents take 
the natural tangent (b i) of the angle 
b g i ; and that (i c) of the angle 
i he ; and add them together. 

Then as the sum of these two 
natural tangents is to the natural tangent ofbg i, so is 6 c to b i : 
and b i taken from b c gives i c. 

Again, in the triangle b gi, as the natural sine of the angle bg i, 
opposite the given side b i, just found, is to the natural sine of the 
angle g b i, opposite the required side g t, so is b t, the given side, 
to g i, the required side or radius. 

Example. — Let the angle a b che 71° 40', the angle bed 129° 15', 
and the distance b c 950 feet. What is the length of radius h iorg t, 
of the easiest reverse curve that can be traced for uniting a b to cd? 

Here, half the angle abc (35° 50') taken from 90° leaves the angle 
b g i 54° lO'; and half the angle bed (64° 37^) taken from 90° 
leaves the angle i A c = 25° 22^'. 

From the table of tangents, we have natural tangent of b g i 
(54° lO') = 1-3848 ; and natural tangent of i A c (25° 22^0 = '4743 ; 
their sum being 1*8591. 




154 ClUCULAU CURVES 



Then as 



'".•'-"'•1-{!V:f}""{--l-{ 



Sum of Taofcts. I :. .. J .■"*^;.!; L_ :_ I be I.I bi 

707-63 feet, 



mid b i 707*63 foer, takeu from b c 950 feet, leaves t c 242*37 feet. 
A^ain, as ike 

Nat Sine of 1 | Nat Sloe of 1 f bi ^ f </ or A t, the 

angle bg i > is to { angle g bi [ so i8< 707*63 > to< reqaired radiug; 
•8107 J I -5854, J I feet J L 510 97 feet 

ARTICLE XII. 

To obtain the angle d b e^ formed by two tangents, d b and b c, when 
the point h is inaccesdble. Figs. 12, 13, 14, and 15. 

This is of frequent occurrence. 

Cask 1. When the included figure, fig. 12, Las but three sides. 

Rule. — Subtract the angle a d e from 180° for the angle b d e; and 
Huhtract the angle dec from 180° for the angle deb. Add together 
b d e and d e b, und subtract their sum from 180° for the angle dbe. 
Or, more briefly, subtract 180° from the sum of ade andcfec. 

Fig. 12. Fig. 13. Fig. 1-1. Fig. 15. 



. 




rf^ 






Cask 2. When the included figured ^ c/( 13, 14) has /oMr sides. 

Rule. — Subtract the sum of the tiiree internal angles of the figure 
marked by dotted segments of circle, from 360** for the angle dbe. 

Case 3. When the included figure, fig. 15, has more than four sides. 

Rule. — Add together all the internal angles, marked by dotted 
segments of circles ; and subtract their sum from twice as many right 
angles as the figure has sides, less four, for the angle dbe. 

Example. — Let the angles denoted by the dotted segments at the 
different letters be as follows : That at d, 70°; at o, 220°; at t, 150°; 
at 5, 110° ; ttt c, 160° ; at e, 100°. The sum of these is 810°. The 
figure has 7 sides ; and twice 7 less 4 = 10; and 10 right angles = 
900°; from which tiie sum of the designated internal angles (810°) 
being subtracted, leaves 90° for the angle dbe. 

N.B. — When the angle dbe has to be deduced from a figure of 
many sides, as ^g. 15, the errors spoken of in Articles IX. andX. are 
apt to occur, unless the several sides and the angles o i s, &c., be 
measured with much care. For tracing curves with any accuracy and 
satisfaction, the instrument should be divided at least into minutes ; 
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as before remarked, the transit instrument is the best for the purpose. 
With moderate care in the preparatory measurement of the sides and 
angles, errors will seldom occur that may not be adjusted with all the 
accuracy required in practice, by the very simple method of dividing 
them equally among the chords, as explained in Articles IX. and X. 

ARTICLE XIII. 

To pass from one curve, a mb,^^. 16, to another, b n c, of different 
radius, but running in the same direction, constituting a com- 
pound curve. 

Rule. — Placing the instrument at 5, sight back to the other end of 
the 100 feet chord at a ; and lay off the 
tangential angle abd of the curve amb; 
then from the common tangent dbe lay off 
the tangential angle e b c of the curve 
bnc, making at the same time the chord 
b c, equal to 100 feet. 

N.B. — If running the curve by eye, use the tangential distances 
instead of the angles. 

ARTICLE XIV. 

To pass from one curve, m n t,^g. 17, to another, t i o, of either the 
same or of a different radius, but running in an opposite direction^ 
constituting a reverse curve. 

Rule. — Placing the instrument at t, sight back to the other end of 
the 100 feet chord at m, and lay off the p. jy 

tangential angle mtr of the curve m n t\ 
then from the common tangent r ts lay off 
the tangential angle s t o of the curve 
t i o, making at the same time the chord 
t o, equal to 100 feet. 

N.B If running the curve by eye, use the tangential distances 

instead of the angles. 

ARTICLE XV. 

RADII. 

To find the radius corresponding to any given angle of deflection, and 

to equal chords of any given length. 

Rule 1. — Subtract the angle of deflection from 180°, then say, As 
natural sine of angle of deflection is to natural sine of half the 
remainder, so is the given chord to the radius required. 
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Example, — I^t the angle of deflection be 2^y and the chord 100 feet; 
required the radiud. 

Here, 2^ subtracted from 180" leaves 178^, the half of which is 89"; 
and as 

Nat. Sine of 2'' . Nat Sine of 89^ . . Chord Radios 

034899 * 999848 " 100 feet ' 2865 feet. 

Rule 2. — The radius for 100 feet chords may be found approxi- 
matelyy by dividing 5730 by the deflection angle. This rule is very 
close for radii of not less than 500 feet. For 500 feet it gives eight- 
tenths of a foot too little, but is more approximate for larger radii. 

Example* — What is the radius to a deflection angle of 2^, the 
chords being 100 feet long? 

Here, 5730 divided by 2 gives 2865 feet, the radius required. 

ARTICLE XVI. 

TANGENTIAL AND DEFLECTION ANGLES. 

7'o Jind either the Tangential or Deflection Angle corresponding to 
any given radius ^ and to equal chords of any given length. 

Rule 1. — Divide halfxhe chord by the radius ; the quotient will be 
the natural sine of the tangential angle. Therefore the angle corre- 
sponding to this sine, in the Table of Natural Sines, will be the tan- 
gential angle required; and the tangential angle multiplied by 2 will 
give the deflection angle. 

Example — Let the radius be 2865 feet, and the chord 100 feet ; 
what will be the tangential and deflection angles ? 

Here, half the chord (50 feet), divided by the radius (2865 feet), 
gives ^01745; and the tangential angle in the Table corresponding 
to the natural sine '01745 is 1°, twice which is 2°, the deflection 
angle required. 

Rule 2 — The deflection angle for 100 feet chords may be found 
approximately by dividing 5730 by the radius. This is very close 
for curves of over 500 feet radius. For 500 feet it gives about one 
minute too little. 

Example. — What is the deflection angle for a radius of 2865 feet, 
the chords being 100 each ? 

Here, 5730 divided by the radius 2865 gives 2'', the deflection 
angle required. 
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ARTICLE XVII. 

DEFLECTION DISTANCES. 

To find the Deflection Distance {exactly) for any given radius^ when 

the chords are \00 feet long. 

Rule, — Divide the constant number 10000 by the radius in feet; 
the quotient will be the deflection angle required.* 

Example, — What is the deflection distance to a radius of o730 
feet, the chords being 100 feet long? 

Here, 10000 divided by 5730 radius gives 1-745 foot, the deflec- 
tion distance required. 

To find the Deflection Distance for any given radius, and for equal 

chords of any given length. 

Rule, — Divide half the given chord by radius, the quotient will 
be the natural sine of on^-half i\\Q deflection angle; and double this 
natural sine, multiplied by the chord, will give the deflection dis- 
tance required. By this rule our Table was prepared. 

Example, — As before, what is the deflection distance to a radius 
of 5730 feet, the chords being 100 feet long? 

Here, half the chord (50 feet), divided by radius (5730 feet), gives 
•008727, which is the natural sine of half the deflection angle. Now 
■008727, multiplied by 2, gives 017454, which, multiplied by the 
chord (100 feet), gives 1*745 foot, the required deflection distance, 
the same as in the preceding example. 

ARTICLE XVIII. 

TANGENTIAL DISTANCES. 

Toflnd the Tangential Distance corresponding to any given radius^ 

and to equal chords of any given length. 

Rule, — First find the tangential angle by Art. XVI., and take from 
the Table of Natural Sines that corresponding to onQ-half of the 
tangential angle. Then m\i\t\^\y double this sine by the given chord 
for the tangential distance. By this rule our Table was prepared. 

* Because the deflection distance to a radius of I GOOD feet, with chords of 100 
feet, is 1 foot; and the deflection distances for other radii increase inversely as 
the radii. 
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Example. — Let the radius be 2865 feet, and the chords 100 feet 
each ; what will be the tangential distance ? 

Here we find, by Art. XVL, the tangential angle 1° for a radius of 
2865 feet 

The natural sine corresponding to 30 minutes, or one-half of this 
tangential angle, is, by the Table of Sines, '008727 ; the double of 
which is '017454, which, multiplied by the chord, or 100 feet, gives 
1 '745 foot for the tangential distance required. 

ARTICLE XIX. 

ORDINATES. 

To find the Middle Ordinate to any given radius^ and to any given 

chord. 

Rule 1. — From the square of the radius subtract the square of 

half the chord ; and take the square root of 
the remainder from the radius, for the middle 
ordinate. 

Example. — What is the length of the 
middle ordinate de^ fig 18, the radius c a 
being 819 feet, and the chord a A 100 feet ? 
Here, the square of c o (819) is 670761, 
and the square of a e ( 50) is 2500 ; which, being subtracted from 
the former, leaves 668261; the square root of which is e c, 817*472; 
which, taken from the radius 819, leaves 1*528 foot, the required 
middle ordinate, d e. 

Rule 2. — Subtract the tabular cosine of the tangential angle from 
1, and multiply the remainder by the radius. 

Example. — Same as foregoing; namely, radius 819 feet, angle of 
defiection 7°, to chords of 100 feet. What will be the length of the 
middle ordinate? 

Here, tabular cosine of 3^° (the tangential angle) is '998135; 
which, subtracted from 1, leaves '001865; which, multiplied by 819, 
the radius, gives 1*527, the middle ordinate required. 

ARTICLE XX. 

Having given the Middle Ordinate de, fig. 18, it is required to find 

any other one, a^ i n. 

Rule 1. — Subtract the middle ordinate d e from the radius d c, 
the remainder will he e c: then from the square of the radius c i 
subtract the square of the distance o «, which the required ordinate 
i n is from the middle ordinate d e, and extract the square root of 
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the remainder. Tliis square root will be o c. From this square 
root o c subtract e c; the remainder will be o e, which is equal to 
i n, the required ordinate. 

Example. — The middle ordinate c? e, of a 100 feet chord b a, to a 
radius of 819, being 1 '528 foot, it is required to find the length of the 
ordinate i w, 20 feet from the middle one. 

Here, the middle ordinate d e, 1*528, subtracted from the radius 
819, leaves e c, 817'472. The square of the radius is 670761 ; and 
the square of 20 (the distance of the required ordinate from the 
middle one) is 400; which, taken from 670761, leaves 670361 ; the 
square root of which is 818*756, or o c; from which take e c, or 
817'472, and the remainder, 1*284, will be o e, which is equal to t w, 
the required ordinate. 

Rule 2. — Multiply the ordinates of a 1° curve by the deflection 
angle of the curve whose ordinates are required (chords being 100 
feet). This is a suflficiently close approximation for curves of not 
less than 500 feet radius; and for placing ordinates ybr guiding the 
excavations and embankments, it is close enough for the smallest 
curves in our Table. 
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I. — Table of Radti, Sac— Chord 100 feef. 
The Tangential Angle is always one-half of the Angle of Deflection, 










Deflection 


Tangential 






Deflection 


Tangentia. 


Angle of 


Radius 


dixt&nce 


distance 


Angle of 


Radius 


distance 


distance 


Deflection. 


in feet. 


in feet. 


in feet. 


Deflection. 


in feet. 


in feet. 


io feet. 


« / 

1 


343800 


•029 


•014 


o / 

51 


6741 


1482 


-741 


2 


171900 


•058 


•029 


52 


6611 


1511 


•755 


3 


114600 


•087 


•043 


53 


6487 


1540 


•770 


4 


85950 


•116 


•058 


54 


6367 


1569 


-784 


5 


68760 


•145 


•072 


55 


6251 


1-598 


•799 


6 


57300 


•174 


•087 


56 


6139 


1-627 


•813 


7 


49116 


•203 


•101 


57 


6032 


1-656 


•828 


8 


42975 


•232 


•116 


58 


5928 


1^685 


•842 


9 


38200 


•262 


•131 


59 


5827 


1-715 


•857 


10 


34380 


•291 


•145 


1 


5730 


1745 


-872 


11 


31256 


•320 


•160 


2 


5545 


1-802 


-901 


12 


28650 


•349 


•174 


4 


5372 


1-860 


-930 


13 


26446 


•378 


•189 


6 


5209 


1-918 


•959 


14 


24558 


•407 


•203 


8 


5056 


1-976 


•988 


15 


22920 


•436 


•218 


10 


4912 


2-036 


1-018 


1 16 


21487 


•465 


-232 


12 


4775 


2-094 


1-047 


17 


20224 


•494 


-247 


14 


4646 


2152 


1-076 


18 


19100 


•523 


•261 


16 


4524 


2210 


1-105 


19 


18094 


•552 


•276 


18 


4408 


2-268 


1-134 


20 


17190 


•581 


•290 


20 


4298 


2-326 


1-163 


21 


16372 


•610 


-305 


22 


4193 


2-384 


1192 


22 


15628 


•639 


•319 


24 


4093 


2-443 


1-221 


23 


14948 


•668 


•334 


26 


3998 


2-501 


1-250 


24 


14325 


•697 


-348 


28 


3907 


2-559 


1-279 


25 


13752 


•727 


•363 


30 


3820 


2-617 


1-308 


26 


13223 


•756 


•378 


32 


3737 


2-676 


1-338 


27 


12733 


•785 


•392 


34 


3657 


2734 


1-367 


28 


12279 


•814 


•407 


36 


3581 


2^793 


1-396 


29 


11856 


•843 


•421 


38 


3508 


2851 


1-425 


30 


11460 


•872 


•436 


40 


3438 


2^908 


1-454 


31 


11090 


•900 


-450 


42 


3370 


2-967 


1-483 


32 


10744 


•930 


-465 


44 


3306 


3-025 


1-512 


33 


10419 


•959 


-479 


40 


3243 


3-083 


1541 


34 


10112 


•988 


•494 


48 


3183 


3-141 


1-570 


' 35 


9823 


1017 


•508 


50 


3126 


3-199 


1-599 


36 


9550 


1046 


•523 


52 


3069 


3-258 


1-629 


37 


9292 


1075 


•537 


54 


3016 


3316 


1-658 


38 


9047 


1104 


•552 


56 


2964 


3-374 


1-687 


39 


8815 


M33 


•566 


58 


2914 


3-432 


1^716 


40 


8595 


1-162 


•581 


2 


2865 


3-490 


1-745 


41 


8385 


1-191 


•595 


2 


2818 


3-548 


1-774 


42 


8186 


1-221 


•610 


4 


2772 


3-606 


1-803 


43 


7995 


1-250 


•625 


6 


2729 


3-665 


1^832 


44 


7814 


1-279 


•639 


8 


2686 


3-723 


r861 


45 


7640 


1-308 


•654 


10 


2644 


3-781 


1-890 


46 


7474 


1-337 


•668 


12 


2604 


3-839 


1-919 


47 


7315 


V366 


•683 


14 


2566 


3-897 


1-948 


48 


7162 


1395 


•697 


16 


2528 


3-956 


1-978 


49 


7016 


1-424 


•712 


18 


2491 


4-014 


2-007 


50 


6876 


1453 


•726 


20 


2456 


4-072 


2-036 
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I. — Table of Radii> &c. — continued. 





' ' 


Deflection 


Tangential 




1 


Deflection 


Tangential 
distance 


Angle of 


Radioa 


distance 


distance 


Angle of 


Radius 


distance 


Deflection. 


in feet. 


in feet. 


in feet. 


Deflection. 


in feet. 


in feet. 


in feet. 


O / 

2 22 


2421 


4-130 


2-065 


o / 
4 15 


1348 


7-416 


3-708 


24 


2387 


4188 


2-094 


20 


1322 


7-563 


3-781 


26 


2355 


4-246 


2*123 


25 


1298 


7-708 


3-854 


28 


2323 


4-305 


2152 


30 


1274 


7-833 


3-927 


30 


2292 


4*363 


2-182 


35 


1251 


7-998 


3-999 


32 


2262 


4-421 


2-210 


40 


1228 


8-143 


4071 


34 


2232 


4-479 


2-239 


45 


1207 


8-289 


4*145 


36 


2204 


4-538 


2-269 


50 


1185 


8-432 


4-216 


38 


2176 


4*596 


2*298 


55 


1166 


8-577 


4-288 


40 


2149 


4-653 


2-326 


5 


1146 


8-722 


4-361 


42 


2122 


4*712 


2-356 


5 


1127 


8-869 


4-434 


44 


2096 


4*770 


2-385 


10 


1109 


9-014 


4-507 


46 


2071 


4*828 


2-414 


15 


1092 


9-159 


4-579 


48 


2046 


4-886 


2-443 


20 


1074 


9*304 


4-652 


50 


2023 


4*944 


2-472 


25 


1058 


9*449 


4-724 


52 


1999 


5-002 


2-501 


30 


1042 


9-595 


4-798 


54 


1976 


5060 


2-530 


35 


1026 


9-740 


4-870 


56 


1953 


5-118 


2559 


40 


1011 


9-885 


4-942 


58 


1932 


5-176 


2-588 


45 


996-8 


10-03 


5-015 


3 


1910 


5-235 


2-618 


50 


982-7 


10-18 


5090 


2 


1889 


5-293 


2-646 


55 


9690 


10-32 


5-160 


4 


1868 


5-351 


2-675 


6 


955-4 


10-47 


5-235 


6 


1848 


5-409 


2-704 


5 


947-5 


10-62 


5-310 


8 


1828 


5-468 


2-734 


10 


939-7 


10-76 


5'380 


10 


1810 


5-526 


2-763 


15 


917-0 


10-90 


5-450 


12 


1790 


5*584 


2-792 


20 


9050 


11-04 


5-520 


14 


1772 


5-642 


2-821 


25 


893-5 


11-20 


5-600 


16 


1754 


5*700 


2-850 


30 


8820 


11-34 


5-670 


18 


1736 


5758 


2-879 


35 


870-7 


11-48 


5-740 


20 


1719 


5817 


2-908 


40 


859-5 


11-63 


5-815 


22 


1702 


5-875 


2-937 


45 


849-3 


11-78 


5-890 


24 


1685 


5-933 


2-966 


50 


838-9 


11-92 


5-960 


26 


1G69 


5-992 


2*996 


55 


828*9 


1206 


6-030 


28 


1653 


6050 


3025 


7 


819-0 


12-21 


6*105 


30 


1637 


6-108 


3054 


5 


813-3 


12-36 


6-180 


32 


1621 


6166 


3083 


10 


807*4 


12-50 


6-250 


34 


1606 


6-224 


3112 


15 


790-8 


12-64 


6-320 


36 


1591 


6-282 


3141 


20 


781-9 


12-79 


6-395 


38 


1577 


6-340 


3170 


25 


773-2 


12*94 


6-470 


40 


1563 


6-398 


3199 


30 


764-5 


13*08 


6-540 


42 


1549 


6-456 


3-228 


35 


756*1 


13-22 


6-610 


44 


1534 


6*515 


3-257 


40 


748-0 


13-37 


6*685 


46 


1521 


6-574 


3-287 


45 


739-9 


13-51 


6-755 


48 


1508 


6-632 


3-316 


50 


732-0 


13*66 


6-830 


50 


1495 


6690 


3-345 


55 


724-3 


13-80 


6-900 


52 


1482 


6-748 


3-374 


8 


7168 


13-95 


6-975 


54 


1469 


6-806 


3-403 


15 


695-1 


14-38 


7190 


56 


1457 


6-864 


3-432 


30 


674-6 


14-81 


7-405 


58 


1445 


6-922 


3-461 


45 


655-5 


15-25 


7-025 


4 


1^33 


6-980 


3-490 


9 


637-3 


15-68 


7-840 


5 


1403 


7-125 


3-562 


15 


620-2 


16-12 


8-060 


10 


1375 


7*270 


3-635 


30 


603-8 


16-55 


8 275 
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I. — ^Tablb op Radii, &c. — eantimied. 







DcMCtioo 


TMgeatial 








Defleetion 


Tengentiel 


Aiiti«or 


BadiM 


diaUDM 


dbUUMt 


Aatl«of 


lUdiiu 




diitnoee 


Dea«ciion. 


la feat. 


1 imfmt. 


Intet. 


Deflection. 


in feet. 


in feet. 


in feet. 


*9 45 


588-4 


16-99 


8-495 


o 

17 


1 



338-3 


29-56 


14-82 


10 


573-7 


17-43 


8-715 




30 


328-7 


30-43 


15-25 


15 


5597 


17-87 


8-935 


18 





319-6 


21-29 


15-69 


30 


546-4 


18-30 


9-150 




30 


3110 


3215 


1612 


45 


533-8 


18-73 


9-365 


19 





302-9 


33-01 


16-56 


11 


521-7 


19-17 


9-585 




30 


295-3 


33-87 


16-99 


• 15 


510-1 


19-61 


9-805 


20 





287-9 


34-73 


17-43 


30 


499-1 


20-05 


10-03 


21 





274-4 


36-44 


18-30 


45 


488-5 


20-50 


1025 


22 





2620 


3815 


1917 


12 


478-3 


20-94 


10-47 


23 





2508 


39-87 


2002 


15 


468-7 


21-36 


10-69 


24 





240-5 


41-58 


20-91 


30 


459-3 


21*79 


10-90 


25 





2310 


43-28 


21-77 


45 


450-3 


22-21 


11-12 


26 





222-3 


44-98 


22-64 


13 


441-7 


22 64 


11-34 


27 





214-2 


46-68 


23-51 


15 


433-4 


2307 


11-56 


28 





206-7 


48-38 


24-37 


30 


425-5 


23-51 


11-77 


29 





199-7 


60-07 


25-24 


45 


417-7 


23-94 


11-99 


30 





193-2 


51-76 


2611 


14 


410 3 


24-37 


12-21 


31 





1871 


53-45 


26-97 


15 


4031 


24-81 


1243 


32 





181-4 


55-13 


27-83 


30 


396-2 


25-24 


1265 


33 





176-0 


56-80 


28-70 


45 


389-6 


25-67 


12-86 


34 





171-0 


58-47 


29-56 


15 


383-1 


2611 


1308 


35 





166-3 


6014 


30-42 


15 


376-9 


26-52 


13-30 


36 





1618 


61-80 


31-29 


30 


3708 


26-94 


13-52 


37 





157-6 


63-46 


3215 


45 


3650 


27-37 


13-73 


38 





153-6 


6511 


3301 


16 


3593 


27-83 


13-95 


39 





149-8 


66-76 


33-87 


30 


348-4 


28-70 


14-38 


40 





146-2 


68-40 


34-73 



II. — ^Table of Ordinates. 

Ordinates five feet apart, — Chord 100 feet. 





• 


DiMuees of the Ordinate! from the end of the 100 feet Chord. 






Anrie 
of De- 


Middle 




















flection. 


60 feet. 


4Sf!Bet. 


40fbec 


SSfeet. 


80 feet. 


8S feet. 


so feet. 


16 feet. 


10 feet 


6 feet. 


1 2 


-007 


-007 


•007 


•006 


•006 


•005 


-003 


•003 


•002 


•001 


1 4 


-014 


-014 


•014 


-013 


•012 


-010 


•008 


•008 


•005 


•003 


6 


-021 


•021 


•021 


•020 


-019 


-016 


-013 


•Oil 


•008 


•004 


8 


-029 


-029 


•028 


•026 


•024 


-022 


•018 


•015 


•010 


•005 


10 


•036 


•036 


-035 


•033 


•031 


-027 


-023 


•019 


-013 


•007 


12 


-043 


-043 


-041 


•038 


•037 


•033 


•028 


•022 


-015 


•008 


14 


-050 


-050 


-048 


•044 


•043 


•038 


•032 


•026 


•017 


-010 


16 


-058 


-058 


-056 


•052 


•049 


-044 


•037 


•030 


•020 


-Oil 


18 


-065 


-065 


•063 


-059 


•055 


•050 


•042 


•033 


•023 


•013 


20 


-073 


•072 


-070 


•066 


-061 


•055 


•047 


•037 


•026 


•014 


22 


-080 


-079 


•076 


•071 


-067 


-060 


•051 


•041 


•029 


•015 
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II. — Table of Ordinates — continued. 



Distances of th« Ordinates from the end of the 100 feet Chnd. 


Angle 
of De- 
flection. 


Middle, 
60 feet. 


45 feet. 


40 feet. 


35 feet. 


30 feet. 36 feet. S 


feet. 1 


5 feet. 10 feet. E 


• feet. 


o / 
24 


•087 


•086 


•083 


•077 


•074 


•066 


■056 


•045 


•031 


•017 


26 


♦094 


•093 


•090 


•084 


•080 


•071 


•060 


•048 


•034 


•018 


28 


•102 


•101 


•098 


•092 


•086 


■077 


•065 


•052 


•036 


•019 


30 


•109 


•108 


•105 


•099 


•092 


•082 


•070 


•055 


•039 


•020 


32 


•116 


•115 


•112 


•106 


•098 


•088 


•075 


•058 


•042 


•022 


34 


•123 


•122 


•118 


•111 


•104 


•094 


■079 


•062 


•044 


•023 


36 


•131 


•130 


•126 


•119 


•110 


•099 


•084 


•066 


•047 


-024 


38 


•138 


•137 


•133 


•126 


•116 


■105 


•089 


•070 


•049 


•025 


40 


•145 


•144 


•140 


•133 


•123 


•110 


•093 


•074 


•052 


•027 


42 


•152 


•150 


•146 


•138 


•128 


•115 


•098 


•077 


•055 


•028 


44 


•160 


•158 


•153 


•145 


•135 


•121 


•103 


•081 


•057 


•030 


46 


•167 


•165 


•160 


•152 


•141 


■126 


•107 


•085 


•060 


•032 


48 


•174 


•172 


•167 


•158 


•147 


•132 


•112 


•088 


•062 


•033 


50 


•182 


•180 


•175 


•166 


•153 


•138 


•117 


•092 


•065 


•034 


52 


•189 


•187 


•181 


•171 


•159 


•143 • 


122 


•095 


■068 


•035 


54 


•196 


•194 


•188 


•178 


•165 


•148 


•126 


■099 


•070 


•036 


56 


•204 


•202 


•195 


•185 


•171 


•154 


•131 


•103 


•073 


•038 


-58 


•211 


•209. 


•202 


•192 


•177 


•159 


•136 


•107 


•075 ' 


•039 


1 


•218 


•216 


•209 


•198 


•183 


•164 


•140 


•111 


•078 


•041 


2 


•225 


•223 


•215 


•204 


•189 


•169 


•145 


•114 


•081 


•042 


4 


•233 


•231 


•223 


•211 


•196 


■175 


•150 


•118 


•083 


•043 


6 


•240 


•238 


•230 


•217 


•202 


•180 


•155 


•121 


•086 


•045 


8 


•247 


•245 


•237 


•224 


•208 


•186 • 


159 


•125 


-088 


•046 


10 


•254 


•252 


•244 


•231 


•214 


•191 


•163 


•130 


•091 


•048 


12 


•262 


•260 


•252 


•237 


•220 


•196 


•168 


•133 


•094 


•049 


14 


•269 


•267 


•258 


•244 


•226 


•202 


•173 


•136 


•096 ' 


•050 


16 


•276 


•274 


•265 


•251 


•232 


•207 


•177 


•140 ' 


•099 ' 


•052 


18 


•284 


•282 


•273 


•257 


•238 


•213 


•182 


•144 


•101 ' 


•053 


20 


•291 


•288 


•279 


•264 


•244 


•218 


•187 


•148 ' 


■104 - 


•055 


22 


•298 


•295 


•285 


•270 


•250 ' 


•224 


•192 • 


151 • 


107 


•056 


24 


•306 


•303 


•293 


•277 


•256 ' 


•229 • 


197 - 


•155 • 


109 ' 


•057 


26 


•313 


•310 


•300 


•284 


•263 ■ 


235 ■ 


201 ' 


•159 ■ 


112 " 


059 


28 


•320 


•317 


•307 


•291 


•269 ' 


240 • 


206 " 


•163 • 


114 - 


■060 


30 


•327 


•324 


•314 


•297 


•275 ■ 


246 • 


210 - 


167 • 


117 • 


062 


32 


•334 


•331 


•321 


•304 


•281 • 


251 • 


215 • 


171 


120 • 


063 


34 


•341 


•338 


•328 


•310 


•287 • 


257 • 


219 • 


174 • 


122 • 


065 


36 


•349 


•345 


•335 


•317 


•293 • 


262 • 


224 • 


178 • 


125 ■ 


066 


38 


•356 


•353 


•342 


•323 


•299 • 


268 • 


228 • 


182 • 


127 • 


068 


40 


•364 


•360 


•349 


•330 


•305 " 


273 • 


233 


185 • 


130 • 


069 


42 


•371 


•367 


•356 


•337 


•312 • 


278 • 


238 ' 


189 • 


133 ■ 


070 


44 


•378 


•374 


•363 


•343 


•318 • 


284 


•242 • 


192 • 


135 • 


072 


46 


•385 


•382 


•370 


•350 


•ij24 • 


289 


247 


196 • 


138 ■ 


073 


48 


•393 


•389 


•377 


•356 


•330 • 


295 ■ 


251 


200 • 


141 - 


■075 


50 


•400 


•396 


•384 


•364 


•336 • 


300 ■ 


256 


•204 • 


144 - 


076 


52 


•407 


•403 


•391 


•370 


•342 


305 ■ 


261 ' 


208 • 


147 • 


■077 


54 


•414 


•410 


•398 


•376 


•348 ' 


311 


•265 • 


211 " 


•149 • 


■079 


56 


•422 


•418 


•405 


•383 


•354 


•316 


•270 • 


215 < 


•152 


•080 


58 


•429 


•425 


•412 


•389 


•360 


•322 


•275 


•219 


154 " 


•082 


2 


•436 


•432 


•419 


•397 


•366 


•327 


•280 


•222 


•157 


•083 


2 


•443 


•439 


•426 


•402 


•373 


•332 


•284 


•226 


•160 


•084 


4 


•451 


•446 


•433 


•409 


•379 


•338 


•289 


•230 


•162 


•086 
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CIRCULAR CURVES 



II.— Tablb or Ordinatcs — camtinmed. 







Dirti 


^•r*.OHi«u.. 


«0 tka tM of tiM 100 fctC Chn^ 






AMto 


IMU, 




















iccuoa. y 


DNM. 


4»lbflt. 


4»ttH. 


9 w99%^ mm twt%* 


»fect. 


lOfecc. 


IS feet. 


lOffeeC. 


tftet. 


i 6 


•458 


•454 


•440 


1 
• 

•416 


•385 


•343 


•293 


•234 


•165 


•087 


8 


•465 


•461 


•417 


•425 


•391 


•349 


•298 


237 


•167 


•088 


10 


•473 


•468 


•454 


•430 


•397 


•355 


•303 


•241 


•170 


•089 


12 


•480 


•475 


•461 


•437 


-403 


•360 


•308 


•245 


•173 


•090 


14 


•487 


•482 


•468 


•443 


•409 


•366 


•312 


•248 


•175 


•092 


16 


•495 


•490 


•475 


•450 


•415 


•371 


•317 


•252 


•178 


•093 


18 


•502 


•497 


•482 


•456 i 


-421 


•377 


•321 


•256 


•180 


•095 


20 


•509 


•504 


•489 


•463 


•428 


•382 


•326 


•260 


•183 


•096 


22 


•516 


•511 


•496 


•470 


•434 


•387 


•330 


•264 


•186 


•097 


24 


•523 


•518 


•503 


•476 


-440 


•393 


•334 


•267 


•188 


•099 


26 


•531 


•526 


•510 


•483 


•446 


•398 


•338 


•271 


•191 


•100 


28 


•538 


•533 


•517 


•489 


•452 


•404 


•346 


•275 


•194 


•102 


30 


•545 


•540 


•524 


•496 


•458 


•409 


•350 


•278 


•196 


•103 


32 


•552 


•547 


•531 


•503 


•465 


•415 


•355 


•282 


•199 


•104 


34 


•560 


•554 


•538 


•509 


•471 


•420 


•359 


•285 


•201 


•106 


36 


■567 


♦56? 


•545 


•516 


•477 


•425 


•3M 


•289 


•204 


•107 


38 


•574 


•569 


•552 


•522 


-483 


•431 


•368 


293 


•206 


•109 


40 


•582 


•576 


•559 


•529 


•489 


•436 


•373 


•297 


•209 


•110 


42 


•589 


•583 


•566 


•536 ' 


'495 


•441 


•378 


•301 


•212 


•111 


44 


•596 


•590 


•573 


•542 


•501 


•447 


•382 


•304 


•214 


•113 


46 


-603 


•598 


•580 


•549 


-507 


•452 


•387 


•308 


•217 


•114 


48 


-611 


•605 


•587 


•555 


•513 


•458 


•391 


•312 


•219 


•116 


50 


•618 


•612 


•594 


•562 


-519 


•464 


•396 


•315 


•222 


•117 


52 


-625 


•619 


•601 


•569 • 


-526 


•469 


•401 


•319 


•225 


•118 


54 


•632 


•626 


•608 


•575 


-532 


•474 


•405 


•322 


•227 


•119 


56 


-640 


•634 


•615 


•582 


-538 


•480 


•410 


•326 


•230 


•121 


58 


-647 


•641 


•622 


•588 


-544 


•485 


•414 


•330 


•232 


•123 


3 


•654 


•648 


•629 


•595 


■550 


•491 


•419 


•334 


•235 


•124 


2 


-661 


•655 


•636 


•602 


•556 


•497 


•424 


•338 


•238 


•125 


4 


-669 


•662 


•643 


•608 


-562 


•502 


•428 


•341 


•240 


•127 


6 


-676 


•670 


•650 


•615 


-568 


•507 


•433 


•345 


•243 


•128 


8 


-683 


•677 


•657 


•621 


-574 


•512 


•438 


•349 


•246 


•130 


10 


•691 


•684 


•664 


•629 


581 


•518 


•443 


•353 


•249 


•131 


12 


-698 


•691 


•671 


•635 


•587 


•523 


•448 


•357 


•251 


•132 


14 


•706 


•698 


•678 


•642 - 


•593 


•529 


•452 


•360 


•254 


•134 


16 


•713 


•705 


•685 


•649 ' 


•599 


•534 


•457 


•364 


•257 


•135 


18 


•720 


•713 


•692 


•655 • 


605 


•540 


•462 


•368 


•259 


•137 


20 ' 


727 


•720 


•699 


•662 • 


611 


•545 


•466 


•371 


•262 


•138 


22 


734 


•727 


•706 


•668 • 


617 


•550 


•471 


•375 


•264 


•139 


24 


742 


•734 


•713 


•675 • 


623 


•556 


•475 


•378 


•267 


•141 


26 - 


749 


•742 


•720 


•682 • 


629 


•561 


•480 


•382 


•270 


•142 


28 • 


756 


•749 


•727 


•688 • 


635 


•567 


•485 


•386 


•272 


•144 


30 • 


764 


•756 


•734 


•695 • 


642 


•573 


•489 


'390 


•275 


•145 


32 - 


771 


•763 


•741 


•702 • 


648 


•578 


•494 


•394 


•278 


•146 


34 • 


779 


•770 


•748 


•708 • 


654 


•584 


•498 


•397 


•280 


•148 


36 • 


786 1 


•777 


•755 


•715 ■ 


660 


•589 


•503 


•401 


•283 


•149 


38 • 


793 j 


•785 


•762 


•721 • 


666 


•594 


•508 


•405 


•285 


•151 


40 • 


800 


•792 


•769 


•728 • 


673 


•600 


•512 


•408 


•288 


•152 


42 • 


807 ; 


•799 


•776 


•734 • 


679 


•605 


•517 


•412 


•291 


•153 


44 • 


814 


•806 


.•783 


•741 ' 


685 


•611 


•521 


•415 


•293 


•155 


46 • 


822 


•814 


•790 


»748 • 


•691 


•616 


•526 


•419 


•296 


•156 
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11. — Table of Ordinates — continued. 







Distances of the Ordinates from the end of the 100 feet Chord. 






Angle 
of De- 
flection. 


Middle, 
60 feet. 


45 feet. 


40 feet. 


36 feet. 


30 feet. 


25 feet. 


20{%et. 


16 feet. 


10 feet. 6 


feet. 


o / 

3 48 


•829 


•821 


•797 


•754 


-697 


.621 


•531 


-423 


•298 


'158 


50 


•836 


•828 


•804 


•761 


•703 


•627 


•536 


•427 


•301 


•159 


52 


•843 


•835 


•811 


•768 


•709 


•632 


•541 


•431 


•304 


•160 


54 


•850 


•842 


•818 


•774 


•715 


•638 


•545 


•434 


•306 


•162 


56 


•858 


•850 


•825 


•781 


•721 


•643 


•550 


•438 


•309 


•163 


58 


•865 


•857 


•832 


•787 


•728 


•648 


•555 


•442 


•311 


•165 


4 


•873 


•864 


•839 


•794 


•734 


•655 


•559 


•445 


•314 


•166 


5 


•891 


•882 


•856 


•810 


•749 


•668 


•571 


•454 


•320 « 


•169 


10 


•909 


•900 


•874 


•827 


•764 


•6^2 


•582 


•464 


•327 


173 


15 


•927 


•918 


-891 


•844 


•780 


•695 


•594 


•473 


•334 


•176 


20 


•945 


•936 


•909 


•860 


•795 


•709 


•606 


•482 


•340 


•179 


25 


•963 


•954 


•926 


•877 


•810 


•723 


•617 


•491 


•347 


•183 


30 


•981 


•972 


•944 


•893 


•825 


•736 


-629 


•501 


•354 


•186 


35 


•999 


•990 


•961 


•909 


•840 


•750 


•640 


•510 


•360 


•189 


40 


1017 


1-008 


•979 


•926 


•855 


•764 


•652 


•519 


•367 


•193 


45 


1-036 


1-026 


•996 


•943 


•871 


•777 


•664 


•529 


•373 


•196 


50 


1-054 


1-044 


1-014 


•959 


•886 


•791 


•676 


•538 


-380 


•199 


55 


1072 


1062 


1-031 


•976 


-901 


•804 


•687 


•547 


•386 


•203 


5 


1091 


1080 


1-048 


•993 


•917 


•818 


-699 


•557 


•393 


•207 


5 


1-109 


1-098 


1-065 


1^009 


•932 


•831 


-711 


-566 


•400 


•210 


10 


1-127 


1-116 


1-083 


1^026 


•947 


•845 


•722 


-576 


•406 


■214 


15 


1-146 


1-134 


1-000 


1-042 


•963 


•859 


•734 


•585 


•413 


•217 


20 


1-164 


1152 


M18 


1-058 


•978 


•872 


•746 


•594 


•419 


•220 


25 


1-182 


M70 


1-135 


1-075 


•993 


•886 


•757 


-603 


•426 


•224 


30 


1-200 


M88 


M53 


1-092 


1009 


-900 


•769 


•613 


•432 


•228 


35 


1-218 


1-206 


1-170 


M08 


1-024 


•913 


•781 


•622 


•438 


•231 


40 


1-236 


1-224 


1-188 


1124 


1-039 


•927 


•792 


-631 


•445 


•235 


45 


1-255 


1-242 


1-205 


1141 


1055 


•941 


•804 


•640 


•452 


•238 


50 


1-273 


1-260 


1^223 


1-157 


1-070 


•954 


•816 


•649 


•458 


•241 


55 


1-291 


1-278 


1-240 


1-174 


1-085 


•967 


-827 


•658 


•465 


•245 


6 


1-309 


1-296 


1-258 


1-191 


1-100 


•982 


•839 


•668 


•472 


•248 


5 


1-327 


1-314 


1-275 


1-207 


1-115 


•995 


•851 


•677 


•478 


•251 


10 


1-345 


1-332 


1^293 


1-224 


1130 


1009 


-862 


•686 


•485 


•255 


15 


1-364 


1-350 


1-310 


1-240 


1-146 


1'023 


-874 


•696 


•492 


•259 


20 


1-382 


1-368 


1-328 


1-256 


1-161 


1036 


-886 


-705 


•498 


•262 


25 


1-400 


1-386 


1-345 


1-273 


1176 


1050 


•897 


•714 


•505 


-266 


30 


1-419 


1-404 


1-362 


1-290 


1-192 


1064 


-909 


•724 


• •511 


269 


35 


1-437 


1-422 


1-379 


1-306 


1-207 


1077 


-921 


•733 


•517 • 


272 


40 


1-455 


1-440 


1-397 


1-323 


1-222 


1091 


•932 


•742 


•524 • 


276 


45 


1-473 


1-458 


1-415 


1-339 


1-238 


1-105 


•944 


•752 


•531 ■ 


280 


50 


1491 


1-476 


1-432 


1-355 


1-253 


1-118 


•956 


•761 


-537 ■ 


283 


55 


1-509 


1-494 


1-450 


1-372 


1-268 


1132 


•967 


•770 


•544 • 


287 


7 


1-528 


1-512 


1-467 


1-389 


1-284 


1-146 


•979. 


•779 


•551 • 


290 


5 


1-546 


1-530 


1-484 


1-405 


1-299 


1-159 


•991 


•788 


•557 • 


293 


10 


1-564 


1-548 


1-502 


1-422 


1-314 


1-173 


1^002 


^•798 


•564 • 


297 


15 


1-582 


1-566 


1-520 


1-438 


1-330 


1-187 


1-014 


•807 


•570 • 


301 


20 


1-600 


1-584 


1-537 


1-454 


1-345 


1-200 


1-026 


-816 


•576 .' 


304 


25 


1-618 


1-602 


1-555 


1-471 


1-360 


1-214 


1-037 


•825 


•583 • 


308 


30 


1-637 


1-620 


1-572 


1-488 


1-375 


1-228 


1-048 


•835 


•590 - 


311 


35 


1-655 


1-638 


1-589 


1-504 


1-390 


1-241 


1-060 


•844 


•596 - 


•314 


40 


1-673 


1-656 


1-607 


1-521 


1-405 


1-255 


1-071 


•854 


•603 • 


318 
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II --Table ov Ow,DiJiATms^eoniinued. 



«i—*.o— —«.--*..«*««-* 






££. 


Mi4iW. 






















Mfwi. 


Utal. 


m^m. 


MfcM. 


mtmt. 


Stbtt. SOfcM. 


utec. 


lOftat. 


ifeet. 


7 45 


1*692 


1-674 


1-624 


1-537 


1-421 


1-269 1*083 


-863 


-610 


-321 


50 


1-710 


1-692 


1-641 


1-553 


1-436 


1-282 1095 


-872 


•616 


•324 


55 


1-728 


1-710 


1-659 


1-570 


1-451 


1-296 1-106 


-881 


-623 


•328 


8 


1-746 


1-728 


1-677 


1-587 


1-467 


1-310 1118 


-891 


-629 


-332 


15 


1-801 


1-782 


1-729 


1-637 


1-513 


1-351 


1-153 


'918 


-649 


•342 


30 


1-855 


1836 


1-782 


1-687 


1-559 


1-392 


1-188 


-946 


-669 


•353 


45 


1-910 


1-890 


1*834 


1737 


1-605 


1-433 


1-223 


•974 


•689 


-363 


9 


1965 


1-944 


1-886 


1-787 


1-651 


1-474 


1-258 


1-002 


•708 


-373 


15 


2019 


1-998 


1-939 


1-837 


1-696 


1-515 


1-293 


1-030 


•728 


-384 


30 


2074 


2052 


1-991 


1-887 


1-742 


1-556 


1-328 


1-057 


•748 


-394 


45 


2-12H 


2-106 


2-044 


1-937 


1-788 


1-597 


1-363 


1-085 


•767 


-405 


10 


2183 


2-161 


2-096 


1-987 


1-834 


1-637 


1-398 


1-114 


•787 


•415 


15 


2-238 


2-215 


2148 


2-037 


1-880 


1-678 1-433 


1-142 


•807 


•425 


30 


2-292 


2-269 


2-201 


2-087 


1-926 


1-719 1-468 


1-170 


•827 


•436 


45 


2-347 


2-323 


2-254 


2-136 


1-972 


1-761 1-503 


1-198 


-846 


•446 


11 


2-401 


2-377 


2-306 


2-186 


2018 1-802 1-538 


1-226 


-866 


•457 


15 


2-456 


2-432 


2-359 


2-236 


2-064 1 1-843 1-574 


1-254 


•886 


-467 


30 


2-511 


2'486 


2-411 


2-286 


2-110 


1-884 1-609 


1-282 


•906 


-478 


45 


2-566 


2540 


2-464 


2-336 


2156 


1-926; 1-644 


1-310 


•926 


-488 


12 


2-620 


2-594 


2-516 


2-386 


2-203 


1-967; 1-680 


1-339 


•946 


-499 


15 


2-675 


2-649 


2-569 


2-436 


2-249 


2-008; 1-715 


1-367 


•966 


-509 


30 


2-730 


2-703 


2-621 


2-485 


2-205 


2-049 1-750 


1-395 


•985 


•520 


45 


2-785 


2-757 


2-674 


2-535 


2-341 


2-091 


1-785 


1-423 


1-005 


-530 


13 


2-839 


2-811 


2-726 


2-585 


2-387 


2-132 


1-820 


1-451 


1-025 


-541 


15 


2-894 


2-865 


2-779 


2-635 


2-433 


2-173 


1-855 


1-479 


1-045 


-551 


30 


2-949 


2-920 


2-832 


2-685 


2-479 


2-214 


1-891 


1-507 


1-065 


•562 


45 


3000 


2-974 


2-884 


2-735 


2-525 


2*256 


1-926 


1-535 


1*085 


-572 


14 


3058 


3-028 


2-937 


2-785 


2-571 


2-297 


1-961 


1-564 


1105 


•583 


15 


3-113 


3-082 


2-989 


2-834 


2-618 


2-338 


1-996 


1-592 


1-124 


•593 


30 


3-168 


3136 


3-042 


2-884 


2664 


2-379 


2-031 


1-620 


1144 


•604 


45 


3-222 


3-191 


3-094 


2-934 


2-710 


2-421 


2-067 


1-648 


1-164 


-614 


15 


3-277 


3-245 


3-147 


2-984 


2-756 


2-462 


2-102 


1-676 


1-184 


-625 


15 


3-332 


3-299 


3-200 


3034 


2-802 


2-503 


2-137 


1-704 


1-204 


•635 


30 


3-387 


3-354 


3-252 


3-084 


2-848 


2544 


2-172 


1-732 


1-224 


-646 


45 


3-442 


3-408 3-305 


3-134 


2-895 


2-586 


2-208 


1-760 


1244 


-656 


16 


3-496 


3-462 


3-358 


3-184 


2-941 


2-627 


2-243 


1-789 


1-264 


-667 


30 


3-606 


3-571 


3-463 


3-284 


3033 


2-710 


2-314 


1-845 


1-304 


•688 


17 


3-716 


3-680 


3-569 


3-384 


3-125 


2-792 


2-384 


1-902 


1-344 


•709 


30 


3-826 


3-788 


3-674 


3-484 


3-218 


2-875 


2-455 


1-958 


1-384 


•730 


18 


3-935 


3-897 


3-779 


3-584 


3-310 


2-958 


2525 


2-014 


1-424 


•751 


30 


4-045 


4-006 


3-885 


3*684 


3-403 


3040 


2-596 


2-071 


1-464 


•772 


19 


4-155 


4-115 


3-990 


3-784 


3-495 


3-123 


2-666 


2127 


1-504 


-793 


30 


4-265 


4-223 


4-096 


3-884 


3-588 


3-205 


2-737 


2-184 


1-544 


-814 


20 


4-375 


4-332 


4-201 


3-984 


3-680 


3-288 


2-808 


2-240 


1-583 


-836 


21 


4-595 


4-549 


4-412 


4-184 


3-864 


3-454 


2-950 


2-353 


1-663 


-879 


22 


4-815 


4-768 


4-624 


4-386 


4-050 


3-620 


3093 


2-467 


1-744 


-922 


23 


5035 


4-986 


4-836 


4-587 


4-237 


3-786 


3-236 


2-581 


1-824 


-965 


24 


5-255 


6-204 


5048 


4-789 


4-423 


3-952 


3-379 


2-695 


1-905 


1-008 


25 


6-476 


6-422 


5-260 


4-989 


4-609 


4-119 


3-522 


2-809 


1-986 


1051 


26 


6-697 


6-642 


5-473 


5192 


4-798 


4-286 


3-665 


2-924 


2-068 


1-094 


27 


6-918 6-860 1 


5-685 


5-393 


4-984 4-454 


3-808 


3-039 

1 


2-150 


1-137 
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II. — Table of Obdinatbs— con/tnt/ec/. 



Dlitanoea of U16 OrdinateB from the end of the 100 ftet Chord. 


H^ 


Middle, 




















flection. 


60 feet. 


46ftet. 


40ftet. 


35ftet. 


aoftet. 

• 


Ufieet. 


to feet. 


l6ftet. 


10 feet. 


5ftet. 



28 


6139 


6079 


5-898 


6-595 


6-171 


4-622 


3-952 


3154 


2-232 


1181 


29 


6-361 


6-298 


6-110 


5-796 


5-367 


4-790 


4095 


3-269 


2-314 


1-224 


30 


6-682 


6-517 


6-323 


6-999 


6-544 


4-958 


4-239 


3-385 


2-396 


1-268 


31 


6-804 


6-737 


6-537 


6-202 


5-733 


5-127 


4-384 


3-502 


2-481 


1-312 


32 


7027 


6-957 


6-751 


6-406 


5-922 


5-297 


4-530 


3-619 


2-565 


1-356 


33 


7-249 


7-178 


6-965 


6-609 


6-111 


5-467 


4-676 


3-737 


2-649 


1-401 


34 


7-472 


7-398 


7-179 


6-813 


6-300 


5-637 


4-822 


3-854 


2-733 


1-445 


35 


7-694 


7-619 


7-393 


7-017 


6-489 


5-807 


4-968 


3-972 


2-817 


1-490 


36 


7-918 


7-841 


7-609 


7-222 


6-679 


5-978 


5-115 


4-090 


2-901 


1-535 


37 


8143 


8-063 


7-825 


7-427 


6-870 


6-149 


5-262 


4-209 


2-985 


1-581 


38 


8-367 


8-286 


8-041 


7-633 


7060 


6-320 


5-410 


4-327 


3-069 


1-626 


39 


8-592 


8-508 


8-257 


7-838 


7-251 


6-491 


6-557 


4-446 


3-153 


1-672 


40 


8-816 


8-7^1 


8-474 


8-044 


7-442 


6-663 


5-705 


4-565 


3-238 


1-718 



ARTICLE XXI. 



ON LONG CHORDS. 



It is sometimes convenient, in preliminary locations, to lay off 
curves by chords longer than 100 feet. For instance, in fig. 19, in- 
stead of running from a by chords a b, b Cy c dy &c., of but 100 feet, 
points dffy gy &c., may be obtained with less trouble by using three 
times the tangential or deflection angles of the table (as the case 



may be), and employing chords a d^ dfy 
fgy &c., nearly three times as long as 
the chords abyb Cy &c.; or if a dy dfy 
fg be either 2 or 4 stations apart, then 2 
or 4 times the tangential and deflection 
angles would be used ; and chords nearly 
2 or 4 times 100 feet in length. 

The following table contains the pre- 
cise length of chord required to subtend 
respectively 1, 2, 3, or 4 stations. It 
is seldom desirable to exceed the latter 
limit. 



Fig. 19. 
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III. — Tablk of Long Chords. 





Angle of 


Length of Chord in f«et reqaired to saMend. 


lUdiiuinfert. 


1 


1 Budon. 


SSUtiona. 


SSUtloiu. 


4 stations. 


67300 


100 


200-0 


300*0 


400-0 


4584 


4 


100 


2000 


3000 


399-9 


38200 


■ • 


100 


2000 


8000 


399-9 


32740 


1 . 

4 


100 


2000 


3000 


399-8 


28650 


20 


100 


2000 


299-9 


399-7 


25470 




100 


2000 


299*9 


399-6 


22920 


\ 


100 


2000 


299-8 


399-5 


20840 


100 


2000 


299-8 


399-4 


19100 


JO 


100 


2000 


299-7 


399-3 


17630 


1 


100 


2000 


299-7 


399-2 


16370 


100 


2000 


299-6 


399-1 


1528 


i 


100 


2000 


299-6 


3990 


1433-0 


40 


100 


199-9 


299-6 


398-9 


13480 


', 


• 


100 


199-9 


299-5 


398-7 


12740 


] 


■ 


100 


199-9 


299-4 


398-5 


1207-0 


{ 


■ 


100 


1999 


299-3 


398-3 


11460 


50 


100 


199-9 


299-2 


3980 


10920 


^ 


100 


1998 


2991 


397-8 


H)420 


: ' 


100 


199-8 


299-0 


397-6 


996-8 


i 
4 


100 


199-7 


298-9 


397-5 


955 4 


60 


100 


199-7 


298-8 


397-3 


9170 


4 


• 


100 


199-7 


298-7 


397-0 


8820 


1 


' 


MOO 


199-7 


298-6 


396-7 


849-3 


1 
< 


100 


199-6 


298-5 


396-5 


8190 


70 


100 


199-6 


298-4 


396-2 


790-8 


4- 


100 


199-6 


298-3 


396-0 


764-6 


: • 


100 


199-6 


298-2 


395-7 


739-9 


1 
J 
4 


100 


199-6 


298-1 


395-4 


716-8 


80 


100 


199-6 


2980 


395-1 


6951 


X 


100 


199-5 


297-9 


394-8 


674-6 


1 


100 


199-5 


297-8 


394-6 


655 5 


1 


100 


199-4 


297-7 


394-3 


637-3 


90 


100 


199-4 


297-5 


394-1 


620-2 


X 


100 


199-4 


297-4 


S93-7 


603-8 


: ■ 


100 


199-3 


297-3 


393-2 


588-4 


1 


100 


199-2 


297-2 


392-8 


573-7 


100 


100 


199-2 


297-0 


392-4 


For radii lej 


is than 573-7 feet, it is never required 

100 feet. 


to use longer 


chords than 



When this method of laying out curves by long chords is used, the 
instrument should be moved to each successive point after it is deter- 
mined, in order to ^jl the next one, instead of attempting to obtain 
more than one point from one position of the instrument : because 
when the chords are longer than one chain^ they cannot be measured 
in the right direction by eye, but must be guided by the instrument. 

It must be especially borne in mind that, in any given curve, only 
the targential and deflection angles increase iu the same proportion 
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as the number of 100 feet stations subtended by the long chord. There- 
fore, these long chords cannot be used for laying out curves by ^ye, as 
their tangential and deflection distances are not known. 

When it is required to use long chords for turning a curve by eye^ 
they must be composed of a number of whole chains, being made say 
200, 300, or 400, &c., feet in length. The tangential and deflection 
distances of curves of more than 500 feet radius may then be assumed, 
in practice, to increase as the squares of the number of chains in the 
length of the long chord. For instance, to lay off a 5° curve by 
chords of 200, 300, or 400 feet in length, the tangential and deflection 
distances of the table must be multiplied by 4, 9, or 16, as the case 
may be. In this case the tangential and deflection angles are unknown. 

This is not mathematically correct, but will answer in practice for 
the curves of a canal or common road, where great nicety is not needed. 

The only proper instrument for running lines of survey is the 
transit, furnished with a compass and with a revolving telescope. 
The deflections, being measured in angles^ serve as a check to the 
numerous sources of error to which the compass is liable, arising 
from local attraction, electrical action in the glass cover, diurnal 
variation, &c. Besides, when the compass alone is used, it is necessary 
to test every course or bearing from each end of each station ; and 
this involves loss of time. 

The following is a good form of field-book for the transit and 

compass combined : 

The right-hand page 
is left blank for Re- 
marks, and Sketches of 
Topography. 



Station. 



Distance. 



Total 
Distance. 



Deflection 
in Degrees. 



Course. 

Le£t. I Bight. 

In every locating party there should be one person whose duty is 
to obtain and record the transverse slopes of the ground at each 
station. His observations will usually extend to from fifty feet to 
one hundred yards on each side of the centre stakes, depending on a 
variety of circumstances of locality which cannot be alluded to here. 
In preliminary locations these slopes need not be taken with very 
great nicety, as they will be used chiefly for ascertaining, approxi- 
mately, the amount of excavation and embankment. 

After the final location is made, the slopes should be taken again, 
with great care, to the nearest quarter of a degree j but need not ex- 
tend beyond the width actually occupied by the road. Their use in 
this second operation, will be for determining the cubic contents with 
more precision than before, for final estimates ; and also for obtaining 
the positions of the side-stakes. 
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Should the duty of recording these slopes devolve upon the corn- 
passman (which it should not), it will be neces- 
^*' ^' . sary to add another column to his field-book after 

^J^. Sr~ that containing the deflections. In this column 

li^^^^'^ he will insert the slopes thus (fig. 20), the dot 

representing the centre stake. The degrees of slope are written above 
the lines, and the distance in feet to which thej extend below. 

The slopes are taken bj laying a long rod on the ground, at right 
angles to the line of survey, as nearly as may be judged by eye, and 
measuring the angles by means of a small slope instrument placed 
upon the rod. These are made by most of our instrument-makers. 

ARTICLE XXII. 

TO ADJUST A TBANSIT INSTBUHENT. 

Having placed the transit firmly at a, fig. 21, and levelled it, clamp 
all fast, and direct the cross-hairs, by means of the tangent screw, 
to some convenient object, b. Then, revolving the telescope vertically ^ 
but without moving it in the least horizonUdlyy let the cross-hairs fix 
upon a second object in the opposite direction, as c ; or, if there be no 
Pig. 21. B^^^ object, place one, as for instance 

a chain-pin, at any convenient dis- 
tance. Then unclamp the lower clamp, 
^* and revolve horizontally the entire 
upper part of the instrument above the parallel plates. Clamp it 
again, and fix the cross-hairs upon b ; then again revolve the telescope 
vertically. If the sight now strikes c, as before, it is in adjustment; 
but if not, place another object, dy where it does strike ; and with the 
adjusting pin alter the vertical cross-hair so as to strike half-way 
between d and e. The instrument will then be in adjustment. Two 
or more trials will generally be needed before the adjustment is perfect. 
With care, and on a firm floor, the operation may be performed in 
a long room, or by placing the instrument in a doorway communi- 
cating with two rooms of moderate size. Fine pins, or needles, 
should then be used as the objects to be sighted at. It is better, 
however, to adjust out of doors, with more distant objects. It is also 
a good precaution to hang up a long plumb-line, or select some 
vertical object, and see whether the vertical hair coincides with it, 
as the telescope is raised or lowered. If from any accident, or care- 
lessness in its construction, it does not, the defect must be remedied 
by an instrument- maker. 
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AGRICULTURE, MECHANICS, SCIENCE, &c. &c. 

PUBLISHED BT 

LOCKWOOD & CO., 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 



HTTHBE&'S SECOBD OF HODEBN ENGIBEEBIirO, 1865. 

In imperial 4to. Illustrated by 40 Plates, drawn on a large scale, and Photographic 
Portrait of J. R. M 'Clean, Esq., President of the Inst. C.E., price £3 Zs. half morocco. 

A RECORD OF THE PROGRESS OF MODERN ENGINEERING, 1865, com- 
prising Civil, Mechanical, Marine, Hydraulic, Railway, Bridge, and other 
Engineering Works. By W. Humbeb, Assoc. Inst. C.E., and M. Inst. M.E. 

LIST OF ILLUSTBATIONS. 



MAIN DRAINAGE, METROPOLIS. 

No. of 
North Side. Plate. 

Map showing; Interception of Sewers . 1 

Middle Level Sewer. Sewer under Regent's 

Canal 2 

Middle Level Sewer. Junction with Fleet 
Ditch 3 



Bridge over River Lea. 
Bridge over River Lea. 



Outfall Sewer. 
Elevation 

Outfall Sewer. 
Details 

Outfall Sewer. Bridge over River Lea- 
Details 6 

OutfaU. Sewer. Bridges over Marsh Lane, 
North Woolwich Railway, and Bow and 
Barking Railway Junction . . . . 7 

Outfall Sewer. Bridge over Bow and Bark- 
ing Railway. Elevation .... 8 

Outfall Sewer. Bridge over Bow and Bark- 
ing Railway. Details 

Outfall Sewer. Bridge over Bow and Bark- 
ing Railway. Details . . . .10 

Outfe^ Sewer. Bridge over East London 
Waterworks' Feeder. Elevation . .11 

Outfall Sewer. Bridge over East London 
Waterworks' Feeder. Details . . .12 

OutfaU Sewer. Reservoir. Plan . . . 13 

Outfall Sewer. Reservoir. Section . . 14 

Outfall Sewer. Tumbling Bay and Outlet . 15 

Outfall Sewer. Penstocks . . . . 16 



Outfall Sewer. 
Outfall Sewer. 



MAIN DRAINAGE METROPOLIS— 



Outfall Sewer. 
Outfall Sewer. 
OutfaU Sewer. 
Outfall Sewer. 
Outfall Sewer. 



corUinv.ed. No. of 

Plate 

Reservoir and Outlet. Plan 19 

Reservoir and Outlet. Details 20 

Reservoir and Outlet. Details 21' 

Reservoir and Outlet. Details 22 

Filth Hoist . . . .23 



Sections of Sewers (North and South Sides) 24 

THAMES EMBANKMENT. 

Section of River Wall 25 

Steam-boat Pier, Westminster. Elevation . 26 
Steam-boat Pier, Westminster. Details . 27 
Landing Stairs between Charing Cross and 

Waterloo Bridges 28 

York Gate. Front Elevation ... 29 

York Gate. Side Elevation and Details . . 30 
Overflow and Outlet at Savoy Street Sewer. 

Details • . .31 

Overflow and Outlet at Savoy Street Sewer. 

Penstock 32 

Overflow and Outlet at Savoy Street Sewer. 

Penstock 33 

Steam-boat Pier, Waterloo Bridge. Elevation 34 
Steam-boat Pier, Waterloa Bridge. Details . 35 
Steam-boat Pier, Waterloo Bridge. Details . 36 
Junction of Sewers. Plans and Sections . 37 
GuUies. Plans and Sections . . . . 38 

DIAGRAMS. 



Rolling Stock . 
Granite and Iron Forts 



▲ 

B 



South Side. 
Bermondsey Branch . .17 
Bermondsey Branch . . 18 

The letterpress contains full descriptions of the works of the Main Drainage and 

Thames Embankment, together with articles on the Formation of Harbours, Ports, 

and Breakwaters, Fortifications, Rolling Stock. 

" Mr. number's works— especially his annual * Record,' with which so many of our' readers are 

now famUiar — ^fill a void occupied by no other branch of literature The drawings have a 

constantly increasing value, and whoever desires to possess clear representations of the two great 
works carried out by our Metropolitan Board will obtain Mr. Humber's last volume. To nearly 
every town and borough surveyor in the kingdom, to engineers of drainage and embankment 
works, to nearly every class of architects, as well as to gentlemen interested in idl great works of 
town improvement, we can most cordially recommend Mr. Humber's handsome volume ; and to 
our reconmiendation we may, perhaps, add that sooner or later the work will be found a neeeisity" 
Sntfiwerinff, October 18th, 1807. 



W^«VH^-ii^*-^i^^^W 
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A 



HiniBER S EECOBD OF MODRRV BVODTESBIHO, 1864. 

In p. 4to. with 86 Double Pl*te«, drawn to a large scale, and Portrait of Robert 

Stephenson, 81. St, half-moroeca 

RECORD OF THE PROGRESS OF MODERN ENGINEERING X864 : 
Comprising Ciri), Mechanical, Marine, Hydranlic, Railway, Bridge, and other 
Engineering Works. By Wiluabi Hdmber, Assoc. Inst CE. and M. Inst. M.E., 
Author of * A Complete and Practical TraaUse on Cast and Wrought-Iron Bridge 
Construction.' 

** The enKineerinjT anntial before lu Ailly malntainfl Mr. Humber's reputation as aa author. It 
ia, M it profeaaos to bo, a r^nuin/ of all the most intereeting and important works lately completed 
In Great Britain ; and ooutaining, as it does, carefitlly-execnted drawing, with full working^ 
detaiU. will be found a i^iiable accessory to the profession at lai^ge." — Bngineer, Not. 24, 1865. 

** The entire work gives evidence of the diaplav of a huge amount of care and judgment by the 
author, both in the selection and arrangement of the materials. The book is one which cannot 
f.UI to be moat favoumbly recelvod, from its inherent worth and great valuo to the engineering 
prof cMtii >n. " — Mini ng Jour tut I. 

** A very excellent record of public works in progress, or completed in lMi.**^Artisan. 

** Mr. ifumbor has done the profession {^ood and true service oy the fine collection of examples 
be has here brought before tiiem." — Practical Mechanic't Journal. 



VJXB EHonrEESiiro. 

Now ready, with numerous illustrations, diagrams, etc., handsomely printed, 544 pp., 

demy 8to, price £1 is., cloth. 

FIRES, FIRE-ENGINES, AND FIR&BRIGADES ; with a History of Manual 
and Steam Fire-Engines, their Construction, Use, and Management; Remarks 
on Fire-Proof Buildings, and the Preservation of life from Fire ; Statistics of the 
Fire Appliances in English Towns; Foreign Fire Systems; Hints for the formation 
of, and Rules for, Fire-Brigades ; and an Account of American Steam Fire-Engines. 
By Charles F. T. TounO| C.E., Author of ''The Economy of Steam Power on 
Common Roads," etc. 

*' A huge, well-filled, and useful book upon a subject which possesses a wide and increasing 
public interest .... To such of our readers as are Interested in tbe subject of fires and fire- 
apparatus we can most heartily commend this book .... It is really the only English work we 
now have upon the subject." — Engineering. 

" Mr. Toimg has proved by his present work that he is a good engineer, and possessed of 
sufficient literary energy to produce a verv readable and interesting volume." — Engineer. 

"Fire is now in fashion. It always has a singular fascination for most human beings. It 
appeals to many emotions ; it provides danger for the brave, novelty for the trlfler, lights and 
shades for artists, excitement for all. But now it may be said that there is in London a species 
of fire-worship, of which Mr. Yoimg may be said to be tbe Hierarch. Prince and peasant alike 
take part in the ceremonies .... Hr. Young's book is thoroughly practical." — Reader. 

** Fire, above all the elements, is to be dreaded in a great city, and Mr. Young deserves hearty 
thanks for the elaborate pains, benevolent spirit, scientific knowledge, and lucid exposition he 
has brought to bear upon the subject ; and his substantial book should meet with substantial 
success, for it concerns everyone who has oven a skin which is not fireproof." — llluttraied London 
Newtt. 

"The protection of life and property from fire each day receives increasing attention, and 
Mr. Young's book Is in every way entitled to be closely studied by all who would claim a thorough 
knowledj^e of tbe subject." — Mining Journal. 

" A volume which must be regarded as the text-book of its subject, and which in point of 
interest and intrinsic value is second to no contribution to a special department of history with 
which we are acquainted. * Fires, Fire-Engines, and Fire-Brigades ' is the production of an 
earnest and diligent writer who comes to the task he has undertaken with a thorough love of it, 
and a firm determination to do it justice .... The style of the work is admirable .... It has 
the surpassing merit of being thoroughly reliable." — Insurance Record. 

" We recommend the work, as it concerns everybody, to everybody's perusal,"— C(mr< Journal. 

** A useful compendium on all branches of the exciting subject of fire." — Builder. 

" Mr. Young has produced a really exhaustive work." — City Press. 



ENOINEEB'S AND CONTBACTOES OEFICE SHEET. 

In preparation for 1868, on a large sheet, for hanging or mounting. Price 2«. Qd. 

THE ENGINEER'S AND CONTRACTOR'S OFFICE SHEET AND ALMANACK. 
Containing, beside the usual Almanack matter, a large variety of information 
useful in an Engineer's Office, with yery numerous formulad, data, &c., &c. 



WORKS PUBLISHED BY LOCKWOOD & CO. 



NOAD'S STUDENTS* TEXT-BOOK OF ELECTBICITT. 

Now ready, post 8vo, nearly 600 pp. and 400 illustrations, price 12«. 6d. cloth. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY; including Magnetism, 
Voltaic Electricity, Electro-Magnetism, Diamagnetism, Magneto-Electricity, 
Thermo-Electricity, and Electric Telegraphy; being a condensed risumS of the 
Theory and Applications of Electrical Science ; including its latest practical Develop- 
ments, particularly as relating to Aerial and Submarine Telegraphy, and every recent 
Discovery. By Hbnbt M. Noad, Ph.D., F.R.S., Lecturer on Chemistry at St. George's 
Hospital, Author of '' A Manual of Chemical Analysis/' " A Manual of Electricity." 

In this work it has been the author's endeavour to present a faithful reflex of the present state 
of electrical science. The work being specially intended for the use of students, much con- 
densation was necessary in order to bring it within the limits of a moderate sized volume. It 
will, nevertheless, it is hoped, be found to include the latest important discoveries, and the chief 
practical applications of the science. In carrying out the design of the book, the author has 
availed himself freely both in the matter (in a condensed form), and of the illustrationB, of his 
*' Manual of Electricity," but the present volume will be found to contain much additional and 
important information, which has become available since the publication of that work. 



HASKOLL'S EIELD-BOOK, ENLABOED. 

Now ready, with numerous wood-cuts, 12mo, price 128. cloth. 

THE ENGINEER'S, MINING SURVEYOR'S AND CONTRACTOR'S FIELD- 
BOOK. By W. Davis Haskoll, Civil Engineer. Second edition, much 
enlarged, consisting of a Series of Tables, with Rules, Explanations of Systems, and 
Use of Theodolite for Traverse Surveying and Plotting the Work with minute accuracy 
by means of Straight Edge and Set Square only ; Levelling with the Theodolite, Cast- 
ing out and Reducing Levels to Datum, and Plotting Sections in the ordinary manner ; 
Setting out Curves with the Theodolite by Tangential Angles and Multiples with 
Right and Left-hand Readings of the Instrument ; Setting out Curves without 
Theodolite on the System of Tangential Angles by Sets of Tangents and Ofi&ets; and 
Earthwork Tables to 80 feet deep calculated for every 6 inches in depth. 

NOTICES OP THE FIRST EDITION. 

*' A very useful work for the practical engineer and surveyor." — Railway News. 

" The book is very handy, and the author might have added that the separate tables of sines 
and tangents to every minute will make it useful for many other purposes, the genuine transverse 
tables existing all the aa.mie."—Athenannn. 

" The work forms a handsome pocket volume, and cannot fail, from its portability and utility, 
to be extensively patronised by the engineering profession." — Mining Journal. 

'• We know of no better field-book of reference or collection of tables than that Mr. Haskoll has 
given." — Artizan. > 

" A series of tables likely to be very useful to many civil engineers."— ^uiWiwfl' Neics. 



INWOOD'S TABLES, QEEATLT ENLAEQED AND IMPROVED. 

Just published^ 12mo, 8s., cloth. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, Copyhold, or 
Leasehold ; Annuities, Advowsous, &G., and for the Renewing of Leases held 
under Cathffljral Churches, Colleges, or other corporate bodies ; for Terms of Years 
certain, and for Lives ; also for Valuing Reversionary Estates, Deferred Annuities, 
Next Presentations, &c., together with Smart's Five Tables of Compound Interest, 
and an Extension of the Same to lower and intermediate Rates. By William Inwood, 
Architect. The 18th edition, with considerable additions, and new and valuable 
Tables of Logarithms for the more Difl&cult Computations of the Interest of Money, 
Discount, Annuities, &o., by M. F^dor Thoman, of the Socidt^ Credit Mobilierof Paris. 

This edition (the 18th) differs in many important particulars from former ones. The 
changes consist, first, in a more convenient and systematic arrangement cf the original Tables, 
and in the removal of certain numerical errors which a very careful revision of the whole has 
enabled the present editor to discover ; and secondly, in the extension of practical utility conferred 
on the work by the introduction of Tables now inserted for the first time. This new and 
important matter is all so much actually added to Inwood's Tables ; nothing has been abstracted 
from the original collection : so that those who have been long in the habit of consulting Inwood 
for any special professional purpose will, as heretofore, find the information sought still in its 
pages The aim of the publishers has been to preserve the characteristic features of the book, 
and regardless of expense, to give that extension to the original work which the author himself, 
had' he been living, would, no doubt, have seen to be demanded by the exigencies of existing 
commercial and professional undertakings. 



WOBKS PUBLISHED BY LOCKWOOD & CO. 



ATDE-MfiMOIRE TO THE MILITARY SCIENCES, 

Framed from Contribations of Officers and others connected with the different 
SerriceB. Originally edited by a Committee of the Corps of Royal Engineers. 
Second edition, most carefully revised by an officer of the Corps, with many 
additions. Containing nearly 850 engravings and many hundred woodcuts. 
3 vols., royal 8to, extra cloth boards, and lettered, price il. lOs. 

*^* A List of the subjects amply and practically treated of, and of the principal 

contributors, will be forwarded on application. 

"A oompondious encyclopeedia of military knowledge, to whicli we are greatly indebted."— 
Sdiiiburgk Jtevitw^ April, 1864. 

"The most comprehensive work of reference to the military and collateral sciences. Among t^e 
list of contributors, some seventy-seven in number, will be found names of the highest distinction 
in the services. . . . The work claims and possesses the great merit that by far the larger portion 
of its subjects have been treated originally by the practiod men who have been its contributors.' 
— Volunteer Service Qazette. 

ALBAN, Dr. ERNST. 

THE HIGH-PRESSURE STEAM ENQIKE : an Exposition of its Compa- 
rative Merits, and an Essay towards an Improved System of Construction, 
adapted especially to secure Safety and Economy. By Dr. Ernst Alban, 
Practical Machine Maker, Plau, Mecklenberg. Translated from the German, 
with Notes, by Wm. Pole, C.E., F.R.A.S., Assoc. Inst. C.E. With 28 fine 
plates, 8vo, 16«. 6d, cloth. 

ARUNDELL, W. 

A PRACTICAL TREATISE on THE LAW RELATING to MINES and 
MINING COMPANIES. By Whitton Abundeli^ Attomey-at-Law. Crown 
8vo, 49. cloth. 

BEAZELEY. ALEX. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES for setting out 

curves from 5 to 200 radius. By Alexandeb Beazelet, M. Inst C.E. 

Printed on 48 cards, and sold in a cloth box, waistcoat-pocket size, price 3«. 6d. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves the hands 
f^'ee to manipulate the instrument — ^no small advantage as r^ards the rapidity of work. They are 
clearly printed, and compactly fitted into a small case for the pocket — an arrangement that will 
recommend them to all practical men." — Engineer. 

** Very handy : a man may know that all his day's work must fall on two of these cards which 
he puts into his own card-case, and leaves the rest behind." — Athenceum. 

BUGK, GEO. W. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE BRIDGES, 
with 13 large folding Plates. By Geo. Watson Buck, M. Inst. C.E. Second 
edition, corrected, by W. H. Barlow, M. Inst. C.E. Imperial 8vo, 128. cloth. 

BUILDER'S AND CONTRACTOR'S PRICE BOOK. 

LOCKWOOD and CO.'S (formerly WEALE'S) BUILDER'S and CON- 
TRACTOR'S PRICE BOOK, published annually. Containing the latest 
Prices for Work in all branches of the Building Trade, with Items numbered 
for easy reference, and an Appendix of Tables, Notes, and Memoranda, 
arranged to afford detailed information commonly required in preparing 
Estimates, &c. Edited by George R. Burnell, F.G.S., F.S.A., &c.. Civil 
Engineer and Architect. 12mo, is. cloth, lettered. 

*»* This Book is now the universally recognised arbitrator in the settlement of disputed 
accounts. The present Edition has been thoroughly revised ; eveiy line and figure has been 
carefully considered and compared with existing Price Lists. Not being printed from stereotype 
plates year after year, as is the case with other books of the kind, errors are not perpetuated, 
and the opportunity is taken in every rex>rint to introduce current prices and other desirable 
improvements. 

CARR, JOHN, M.A. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. John CaRr, 
M.A., late fellow of Trin. Coll., Cambridge. Second edition. 18mo, 5«. cloth. 
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BURN, R SCOTT. 

THE LESSONS OF MY FARM ; a Book for Amateur Agriculturists, being 
an Introduction to Farm Practice, iu the Culture of Crops, the Feeding of 
Cattle, Management of the Dairy, Poultry, and Pigs, and in the' Keeping of 
Farm-work Records. By Robert Scott Burn, Editor of "The Year Book 
of Agricultural Facts," and one of the Authors of ''Book of Farm Imple- 
ments and Machines," and ''Book of Farm Buildings." With numerous 
illustrations, fcap., 6s. cloth. 

" A veiy useful little book, written in the lively style which will attract the amateur class to 
whom it is dedicated, and contains much sound advice and accurate description." — Athenceum. 
" A most complete introduction to the whole round of farming practice." — Jokn Bull. 

CARPENTER'S (THE) NEW GUIDE, 

Or, book of lines FOR CARPENTERS, comprising all the Elementary 
Principles essential for acquiring a knowledge of Carpentry, founded on the 
late Peter Nicholson's standard work. A new edition, revised by Arthur 
AsHPiTEL, Arch. F.S.A., together with Practical Rules on Drawing, by Qeorge 
Pyne, Artist. With 74 plates, 4 to, 1/. Is. cloth. 

CHAMBERS* CIVIL ARCHITECTURE, by GWILT. 

A TREATISE ON THE DECORATIVE PART OF CIVIL ARCHI- 
TECTURE. By Sir William Chambers, K.P.S., F.R.S., F.S.A., F.R.S.S. 
With Illustrations, Notes, and au Examination of Qrecian Architecture. 
By Joseph Gwilt, F.S.A. New and Cheap Edition, revised and edited 
by W. H. Leeds. With 65 Plates and Portrait of the Author. Roysd 4 to, 
11, Is. cloth. 

*^* A new edition of this standard architectural work (which has already 
passed through several high-priced issues), so cheap as to place it within the 
reach of the humbler classes of students and practical men, and at the same 
time so carefully edited and well executed as to make it worthy of a place on 
the shelves of the more opulent, cannot fail to be received as a boon by the 
professional public at large. 



COMPLETE GRAZIER, The, 

AND FARMER'S AND CATTLE BREEDER'S ASSISTANT. A Compen- 
dium of Husbandry, especially in the departments connected with the breed- 
ing, rearing, feeding and general management of stock, the management of 
the dairy, etc. ; with directions for the culture and management of grass land^ 
of grain and root crops, the arrangement of farm offices, the use of implements 
and machines ; and on draining, irrigation, warping, &c., and the application 
and relative value of manures. By WILLIAM YOUATT, Esq., V.S., Member 
of the Royal Agricultural Society of England ; Author of " The Horse,** 
" Cattle," &c. Eleventh Edition, enlarged, and brought down to the present 
requirements of agricultural practice, by ROBERT SCOTT BURN, one of the 
Authors of " The Book of Farm Implements and Machines,*' and of " The 
Book of Farm Buildings,** Author of " The Lessons of My Farm," and Editor 
of " The Year-Book of Agricultural Facts.*' In one large 8vo volume, 784 pp., 
with 215 Illustrations. Price 1^. Is., strongly half -bound. 

" The standard, and text-book, with the farmer and gmrAGr."^— Farmer's Magazine. 

** A treatise which will remain a standard work on the subject as long as British agriculture 
endures," — Mark Lane Express. 

" It is, in fact, a compendium of modem husbandry, embracing a concise account of all the 
leading improvements of the day." — New Sporting Magazine. 

COTTAGES, VILLAS, AND COUNTRY HOUSES. 

DESIGNS and EXAMPLES of; being the Studies of several eminent Archi- 
tects and Builders, consisting of plans, elevations, and perspective views; 
with approximate estimates of the cost of each, In 4to, 67 plates, price 
11. Is. cloth. 
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DELAMOTTE, F. 

. A PRIMER OF THE ART OF ILLUMINATION; for the use of beginner*, 
with a rudimentary treatise on the art, practical directions for its exercise, and 
numerous examples, taken from illuminated MSS., and printed in GOLD and 
COLOURS. By F. Delamotte. Small 4 to, price 95. Elegantly bound, cloth 
antiqua 

" A handy book, beautifully illustrated ; the text of which is well written, and calculated to be 
useful. . . . The examples of ancient MSS. recommended to the student, which, with much 
good sense, the author chooses from collections accessible to all, ore selected with judgment and 
knowledge, as well as taste." — Atfunanim. 

*' Modestly called a Primer, this little book has a good title to be esteemed a manual and guide 
book in the study and practice of the different styles of ornamental lettering, used by the artistic 
transcribers of past centuries. . . . An amateur may with this silent preceptor learn the whole 
art and mystery of Illumination."— fi^>ec<ator. 

** The volume, very beautifully got up, is as ornamental as it is useful, and wo can heartily 
recommend it to the notice of those who wish to become proficient in the Art." — Bnglith Church-^ 
man. 

" We are able to recommend Mr. Delamotte's Treatise on Illumination to all who desire to 
become practically acquainted with the Art. The letter-press is modestly but judiciously written ; 
and the illustrations, which are numerous and well chosen, are beautifully printed in gold and 
colours. " — SccletiologUt. 

DELAMOTTE, F. 

ORNAMENTAL ALPHABETS, ANCIENT AND MEDIAEVAL, from 

the eighth century, wjth numerals. Including Gothic, Church-Text, large and 

small; German, Italian, Arabesque, Initials for Illumination, Monograms, 

CroBseB, &c., &c., for the use of Architectural and Engineering Draughtsmen, 

Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, Car- 

Ters, &c., &c., &c. Collected and Engraved by F. Delamotte, and printed 

in Colours. Royal 8vo, oblong, price is, cloth. 

" A well-known engraver and draughtsman has enrolled in this usef\il book the result of many 
years* study and research. For those who insert enamelled sentences round gilded chalices, who 
blazon shop legends over shop-doors, who letter church walls with pithy sentences from the Deca- 
logue, this book wiU be useful. Mr. Delamotte's book was wanted. ' — Athmcenm. 

DELAMOTTE, F. 

EXAMPLES OF MODERN ALPHABETS, PLAIN AND ORNAMENTAL, 
Including German, Old English, Sazou, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque, 
with several Origiuul Designs, and an Analysis of the Roman and Old English 
Alphabets, Largo and Small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painter?, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. Royal 
8vo, oblong, price 4a. cloth. 

"To artists of aU classes, but more especially to architects and engravers, this very handsome 
book will be invaluable. There is comprised in it every possible shape into which the letters 
of the alphabet and numerals can be formed, and the talent which has been expended in the 
conception of the various plain and ornamental letters is wonderful." — Standard. 

DELAMOTTE, F. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMINATORS. By 
F. Delamotte, Illuminator, Designer, and Engraver on Wood. Containing 
21 Plates, and Illuminated Title, printed in Gold and Colours. "With an In- 
troduction by J. Willis Brooks. Small 4to, 68. cloth, gilt 

"A volume in which the letters of the alphabet come forth glorified in gilding and all the 
colours of the prism interwoven and intertwined and intermingled, sometimes with a sort of 
rainbow arabesque. A poem emblazoned in these characters would bo only comparable to 
one of those delicious love letters symbolised in a bunch of flowers well selected and cleverly 
arranged."— (Sun. 

DELAMOTTE, F. 

THE EMBROIDERER'S BOOK OF DESIGN, containing Initials, Emblems, 
Cyphers, Monograms, Ornamental Borders, Ecclesiastical Devices, Mediaeval 
and Modern Alphabets and National Emblems. Collected and Engraved by 
F. Delamotte, and printed in Colours, oblong royal 8vo, price 2«. 6d. in 
ornamental boards. 
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DEMPSEY, G. D. 

THE PRACTICAL RAILWAY ENGINEER. A Concise Description of the 
Engineering and Mechanical Operations and Structures which are combined 
in the Formation of Railways for Public Traffic ; embracing an Account of 
the Principal Works executed in the construction of Railways ; with Facts, 
Figures, and Data^ intended to assist the Civil Engineer in designing and 
executing the important Details required. By G. Dbybdalb Dempset, C.E. 
Fourth Edition, revised and greatly extended. With 71 double quarto plates, 
72 woodcuts, and Portrait of Geobqe Stephenson. 1 large vol. 4to, 
2^. 12s. ed. cloth. 

BOWLING, C. H. 

A SERIES OF METRIC TABLES, in which the British Standard Measures 
and Weights are compared with those of the Metric system at present in use 
on the Continent. By C. H. Dowling, C.E. 8vo, 10«. 6d, strongly bound. 

** Mr. Bowling's Tables, which are well put together, come just in time as a ready reckoner for 
the conversion of one system into the other." — Atfienoeum. 

" Their accuracy has been certified by Professor Airy, the Astronomer Royal." — Builder. 

*' Resolution 8. — That advantage wiU be derived from the recent publication of Metric Tables, by 
C. H. Dowling, C.E." — Report of Section F^ British Atsociation, Bath. 

*• We believe these Tables to bo thoroughly reliable." — Civil Engineer and Architect's Journal. 

POWSING, WM. 

THE TIMBER MERCHANT'S AND BUILDER'S COMPANION, contain- 
ing New and Copious Tables of the Reduced Weight and Measurement of 
Deals and Battens, of all sizes, from One to a Thousand pieces, and the relative 
price that each size bears per Lineal Foot to any given price per Petersburg 
Standard Hundred; the price per Cube Foot of square Timber to any given 
price per Load of 50 feet; the proportionate value of Deals and Battens by the 
Standard, to Square Timber by the Load of 50 feet, the readiest mode of 
ascertaining the price of Scantling per Lineal Foot of any size, to any given 
figure per Cube Foot. Also, a variety of other valuable information, useful to 
aU parties concerned or interested in the buying or selling of Foreign Timber. 
By William Dowsing, Timber Merchant. Second Edition. Crown 8vo, Zs. cloth. 

** Every timber merchant and builder, all persons engaged in carrying wood, where it is 
requisite to ascertain its weight, — ^indeed, every person who has to do with wood, — oueht to have 
this Companion." — Hull Advertiser. 

EVERY MAN'S OWN LAWYER : 

A HANDY BOOK OP THE PRINCIPLES OF LAW AND EQUITY. 
By a Barrister. Sixth Edition, much enlarged, and brought down to end 
of 1867 session. 12mo, price 65.8c?. (saved at every consultation), strongly 
bound in cloth. Comprising the Rights and Wrongs of Individuals, Mercan- 
tile and Commercial Law, Criminal Law, Parish Law, County Court Law, 
Qame Laws, the Laws of 



ba.nkruptcy. 

Bets and Wagers. 

BiLM OF Exchange. 

Contracts. 

Copyright, Patents, Etc. 

Elections. 



Insurance, Marine, Fire, & Life. 
Libel and Slander. 
Marriage and Divorce. 
Merchant Shipping. 
Mortgages. 
Settlements. 



Stock Exchange .Practice. 
Trespass, Nuisances, Etc. 
Transfer of Land, Etc. 
Warranty. 

Wilis and Agreements. 
Etc. Etc. 



Also Law for 

Landlord and Tenant— Miistcr and Servant — Husband and Wife — ^Executors and Trustees — 
Guardian and Ward — Married Women and Infants — Partners and Agents— Lender and Borrower 
— Debtor and Creditor — Purchaser and Vendor — Companies and Associations — Friendly Societies — 
ClergjTnen, Churchwardens, Etc. — Medical Practitioners, Etc. — Bankers — Farmers — Contractors — 
Stock and Share Brokers — Sportsmen— Gamekeepers — Farriers and Horse-dealers — Auctioneers, 
House-Agents — Innkeepers, Etc. — Bakers, Millers, Etc. — Pawnbrokers— Surveyors, Carriers— Con- 
stables — Labourers— Seamen, Soldiers, Etc. 

opinions of the press. 

"What it professes to be, a complete epitome of the laws of this country." — Belt's Life. 

" A clearly-worded and explicit manual, containing information that must be useful to every- 
body." — Mechanic's Magazine. 

" This is a work which has long been wanted, which is thoroughly well done, and which wo 
most cordially recommend to our readers." — Sunday Times. 
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FAIRBAIRN, WM. 

IRON ; its History, Properties, and Processes of Manufacture. By William 

Faibbaibn, C.E., LL.D., F.R.S., &c. With numerous Woodcuts. Demy 8vo, 

price 9c cloth. 

** A scientific work of the first class, whose chief merit lies in bringing the more important facts 
connected witii iron into a small compass, and within the comprehension and the mean?) of all 
persons engaged in its manufacture, sale, or use." — Mechanic's Magazine, 

GRAHAM, ALEX. J. S. 

A MANUAL ON EARTHWORK. By Alex. J. S. Qbahax, C.E., Resident 

Engineer, Forest of Dean Central Railway. With numerous Diagrams, 18mo, 

28, 6d. cloth. 

" We can cordially recommend the work to the notice of our readers.** — Building News, 
" As a really handy book for reference, we know of no work equal to it ; and the Railway Engi<. 
ncers and others employed in the measurement and calciilation of earthwork will find a great 
amount of practical information very admirably arranged, and available for general or rough esti- 
mates, as well as for the more exact calculations required in the Engineers' Offices."— ^itwan. 

GRANDY, R. E. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, and BUILDER'S 
STANDARD GUIDE. By Riohabd E. Orandt, 12mo. price 7s, 6d. cloth. 
ComprisiDg — For the Timber Importer and Merchant : An Analysis of Deal 
Standards, Home and Foreign, with comparative Values and TabiUar Arrange- 
ments for Fixing Nett Landed Cost on Baltic and North American Deals 
including all intermediate EzpeDses, Freight, Insurance, Duty, Ac. ; also 
Practical Methods and Examples for Reduction, embracing Solid, Lineal, 
Numerical and Superficial Quantities, Prices, &;c. A Complete Exposition of 
the Square Timber Trade, North American and Baltic; with Percentage 
Differences on String, Caliper, Cubic, and Running Measurements. Also 
Tabular Matter, with Nett Landed Cost, including all intermediate Expenses, 
constiiicted on the data of a progressive Rate for First Cost in Dollars, 
Currency, or Sterling. American and Baltic Lath wood. Staves, &c., with 
particulars of Freights, Duties, Expenses, and Measurements, United States 
Exchange and Canadian Currency ; with Examples. For the Retailer and 
Builder : Copious Information, with Tables setting forth Nett Cost of Mate- 
rial and Workmanship to Builder or Manufacturer on Flooring, Sheeting, 
Joisting, Skirting, Doors, Windows, Architraves, &c., per Square, Piece, 
Superficial or Lineal Measurement, Brickwork, Stonework, Excavations, 
Slating, Tiling, Metal Pillars, Lead, Zinc, Corrugated Iron, Roofing FeU, 
CisteruB, Painting, Papering, Builders' Ironmongery, &c. 

*' This very useful volume." — Builder. 

" The tables comprised in this work must afford material assistance to the timber merchant." 
— Mechanic's Magazine. 

"A vast number of very v^aluable tables for the timber importer and consumer." — Practical 
Mechanic's Journal. 

** A handy guide to the timber trade. The information is very complete." — Dublin Builder. 

*' Everything it pretends to be : built up gradually, it leads one from a forest to a trenail, and 
throws in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c. — all that 
the class to whom it appeals requires." — English Mechanic. 

" The only difficulty we have is as to what is not in its pages. What we have tested of the 
contents, taken at random, is invariably correct." — Illustrat«i BvUdtt's Journal. 

GRANTHAM, JOHN, C.E. and Naval Architect. 

ON IRON SHIP-BUILDING, with Practical Examples and Details, in 
twenty-four plates, together with separate text containing Descriptions, Expla- 
nations, and General Remarks, for the use of Ship-owners and Ship-builders. 
By John Grantham, C.E., ConsultiDg Engineer and Naval Architect. The 
plates of the present Work have been prepared, and the subjects drawn, in 
elevation, plan, and detail, to a scale useful for immediate practice, in a folio 
size, with figured dimensioDS, and accompanied by a small Volume of text 
(which may be had separately). 
*^* A New Edition of this work, very considerably enlarged, with upwards of 

twenty new plates, making in all nearly forty, is in preparation, and will be ready 

very shortly. 
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GREGOEY, Dr. OLINTHUS. 

MATHEMATICS for PRACTICAL MEN ; being a Common Place Book of 
Pure and Mixed Mathematics, designed chiefly for the use of Civil Engineers, 
Architects, and Surveyors. By Olinthub Qbsqobt, LL.D., F.R.A.S. Enlaiged 
by Henbt Law, Civil Engineer. Fourth Edition, carefully revised and cor- 
rected by J. R. Young, formerly Professor of Mathematics, Belfast College ; 
Author of "A Course of Mathematics," &c. With 13 plates, medium 8vo, 
11. It, cloth. 

CONTENTS. 



PART I.— PURE MATHEMATICS. 

Chapter I. — Arithmetic. 1. Definition of nota- 
tion — 2. Addition of whole numbers — 3. Bub- 
tractdon of whole numbers— 4. Multiplication 
of whole numbers — 5. Division of whole num- 
bers — proof of the first four rules of arithme- 
tic— 6. Vulgar fractions ; reduction of vulgar 
fractions : addition and subtraction of vulgar 
fractions ; multi^cation and division of vul- 
gar fractions — 7. Decimal fractions ; reduction 
of decimals ; addition and subtraction of deci- 
mals ; multiplication and division of decimals 
— S. Complex fractions used in the arts and 
commerce ; reduction ; addition ; subtraction 
and multiplication; division; duodecimals — 
9. Powers and roots; evolution — 10. Propor- 
tion ; rule of three ; determination of ratios— 
11. Logarithmic arithmetic ; use of the tables ; 
multiplication and division by logarithms ; 
proiwrtion, or the rule of three by logarithms ; 
evolution and involution by logarithms — 12. 
Properties of numbers. 

Chap. II. — ^Algebra. 1. Definitions and notation 
— 2. Addition and subtraction — 3. Multiplica- 
tion— 4. Division — 6. Involution — 6. Evolution 

7. Surds : reduction ; addition, subtraction, 
and multiplication ; division, involution, and 
evolution — 8. Simple equations ; extermina- 
tion ; solution of general problems ; 9. Quad- 
ratic equations — 10. Equations in general — 11. 
Progression ; arithmetical progression ; geo- 
metrical progression — 12. Fractional and nega- 
tive exponents — 13. Logarithms — 14. Compu- 
tation of formulse. 

Chap. III.— Geometry. 1. Definition— 2. Of 
angles and right lines, and their rectangles — 

8. Of triangles — 4. Of quadrilaterals and poly- 
gons — 5. Of the circle, and inscribed and cir- 
cumscribed figures — t). Of planes and solids — 
7. Practical Geometry. 

Chap. IV. — Mensuration. 1. Weights and Mea- 
sures — i. Measures of length ; ii. Measures of 
surface ; iii. Measures of solidity and capacity ; 
iv. Measure of weight ; v. Angular measure ; 
vi. Measure of time; comparison of English 
and French weights and measures — 2. Mensu- 
ration of superficies— 3. Mensuration of solids. 

Chap. V. — Trioonometkt. 1. Definitions and 
trigonometrical formulse — 2. Trigonometrical 
tables — 8. General propositions— 4. Solution 
of the cases of plane triangles ; right-angled 
plane triangles — 5. On the application of trigo- 
nometrv to measuring heights and distances ; 
determmation of heights and distances by 
approximate mechanical methods. 

Chap. VI. — Conic Sections. 1. Definitions — 2. 
Properties of the ellipse ; problems relating to 
the ellipse — 3. Properties of the hyperbola; 
problems relating to the hyperbola---4. Pro- 
perties of the parabola ; problems relating to 
the parabola. 

Chap. VII. — Properties of Curves. 1. Defi- 
nitions — 2. The conchoid — 3. The cissoid — i. 
The cycloid and epicycloid — ^5. The quadratrix 



— 6. The catenary ; tables of relations of cate- 
narian curves. 

PART IL— MIXED MATHEMATICS. 

Chapter I. — Mechanics in General. 

Chap. II. — Statics. 1. Statical equilibrium — 2. 
Centre of gravity — 3. General application of 
the principles of statics to the equilibrium of 
structuros ; equilibrium of piers or abutments ; 
pressure of earth against walls ; thickness of 
walls ; equilibrium of polygons ; stability of 
arches ; equilibrium of susx)ension bridges. 

Chap. III.— Dynamics. 1. General definitions — 
2. On the general laws of uniform and vari- 
able motion ; motion uniformly accelerated ; 
motion over a fixed pulley ; motion on inclined 
planes ; motion of bodies imder the action of 
gravity — 8. Motions about a fixed centre, or 
axis : centres of oscillation and percussion ; 
simple and compoimd pendulums ; centre of 
gyration, and the principles of rotation ; cen- 
tral forces ; inquiries connected witii rotation 
and centraJ. forces — i. Percussion or collision 
of bodies in motion — 5. On the mechanical 
powers ; levers ; wheel and axle ; pulley ; 
inclined plane ; wedge and screw. 

Chap. IV. — Hydrostatics. 1. General defini- 
tions — 2. Pressure and equilibrium of non- 
elastic fluids — 3. Floating bodies — i. Specific 
gravities — 5. On capillary attraction. 

Chap. V. — Hydrodynamics. 1. Motion and efBu- 
ence of liquids — 2. Motion of water in conduit 
pipes and open canals, over weirs, &c. ; veloci- 
ties of rivers — 3. Contrivances to measure the 
velocity of running waters. 

Chap. VI. — Pneumatics. 1. Weight and equili- 
brium of air and elastic fluids — 2. Machines 
for raising water by the pressiu*e of the 
atmosphere — 3. Force of the wind. 

Chap. VII. — Mechanical Agents. 1. Water as 
a mechanical agent — 2. Air as a mechanical 
agent; Coulomb's exi)eriments— 3. Mecha- 
nical agents depending upon heat ; the steam 
engine ; table of pressure and temperature of 
steam; general description of the mode of 
action of the steam engine ; theory of the 
steam engine ; description of the various 
kinds of engines, and the formulee for calcu- 
lating their power; practical application of 
the n)regoing formulae— 4. Anim^d strength 
as a mechanical agent. 

Chap. VIII. — Strength of Materiai^. 1. Re- 
sults of exx)eriments and principles upon which 
they should be practically applied — 2. Strength 
of materials to resist tensile and crushing 
strains; strength of columns — 3. Elasticity and 
elongation of bodies subjected to a crushing or 
teneue strain — i. On the strength of materials 
subjected to a transverse strain ; longitudinal 
form of beam of uniform strength ; transverse 
strength of other materials than cast iron ; tiie 
strength of beams according to the manner in 
which the load is distributed— 5. Elasticity of 
bodies subjected to a transverse strain—^. 
Strength of materials to resist torsion. 



APPENDIX OF COPIOUS LOGARITHMIC AND OTHER TABLES, &c. &c. 
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HASKOLL, W. D., Civil Engineer. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUCTION OF 
MASONRY, TIMBER, AND IRON ; oonsUting of 46 Plates from the Con- 
tmci Drswinn or Admeaaurements of aelect Works. By W. Datis Habkoll, 
C.E. Seoond Edition, with the addition of 554 Eatiniatee, and the Practice of 
Setting out Works, with 6 pages of Diagratus. Imp. 4to, price 2L 12s. 6<f. 
half morocco. 

'* Ono of the Tety few worku extant dofloonding to the level of ordinary routine, and treating on 
the common erery-day nnurtice of the railway engineer. .... A work of the present nature 
by a man of Mr. UaBkoirs experience, must pruve invaluable to himdreds. The taUee of esti- 
matee appended to thia edition will conaideralHy enhance itu value." — Bnffineerinfff Oct. 18, 1867. 

HAWKINGS, JAMES. 

THE TRADESMAN'S GUIDE to SUPERFICIAL MEASUREMENT. 
Tables calculated from 1 to 200 inches in length, by 1 to 108 inches in 
breadth. For Architects, Surreyors, Engineers, Timber Merchants, Builders, 
Carpenters, Upholsterers, Coach Malers, Looking and Crown Glass Dealers, 
Painters, Stonemasons, ftc. By Jambb Hawkikqs. Fop. S«* (id. cloth. 

HUDSON, R., Civil Engineer. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, on a very much 
improved Plan, for Calculating the Value of Estates. To which are added, 
Tables for reducing' Scotch, Irish, and Provincial Customary Acres to Statute 
Measure ; also, Tables of Square Measure, and of the various Dimensions of 
an Acre in Perches and Tarda, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; Miscellaneous 
Tables, ftc. By R. HuDsoK, Civil Engineer. New Edition, with Additions 
and Corrections, price 4«., strongly bound 

" This now edition includcfi tables fur aBcortainlng the value of leases for any term of years ; and 
for showlnfr how Ut lay out )>lots of ground of certain acres in forms, square, round, &c., with 
valuable rules for ascertaining the probable worth of standing timber to any amount ; and is of 
Inciilculablo value to the country gentleman and professional taan."'-Fcmii€r'g Journal. 

HUMBER, WM. 

A COMPLETE and PRACTICAL TREATISE on CAST and WROUGHT 
IRON BRIDGE CONSTRUCTION, includiDg Iron Foundations. In Three 
Parts — Theoretical, Practical, and Descriptive. By William Humber, Assoc, 
lust. C.E., and M. Inst. M.E. Second Edition, in 2 Vols. imp. 4 to, with 95 
Double Plates and 237 pages of Text, price 61. 168, Qd., half-bound in morocco. 

" A very valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance the instruc- 
tive worth of these illustrations. No engineer would willingly be without so valuable a fund of 
information." — Civil Engineer and ArdiUed's Journal. 

HUMBER, WM. 

A RECORD OP THE PROGRESS OF MODERN ENGINEERING, 1863 ; 
comprising Civil, Mechanical, Marine, Hydraulic, Railway, Bridge, and other 
Engineering Works. With Essays and Reviews. Edited by William 
HuMBEB, Assoc. Inst. C.E., and Memb. Inst. M.E., Author of A Complete 
and Practical Treatise on Cast and Wrought Iron Bridge Construction." 
Imperial 4to. Illustrated with 36 Double Plates, and a Photographic Portrait 
of John Hawksliaw, Esq., F.R.S., lato President of the Institution of Civil 
Engineers. Price 3Z. 3«., half-bound in morocco. 

*'Mr. Humber has now completed his first Annual Volume. It consists of a goodly number of 
plates of large siae, principally relating to railway bridges, roofs, station buildings, and works of a 
similar character."— ^reiaan, Feb., 1864. 

" Handsomely litho^phed and printed, it will find favour with many who desire to preserve in 
a permanent form copies of the plans and specifications jireparcd for the guidance of the contractors 
for many important engineering works." — Engineer. 

*„* Thia Work will be continued annually. 
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INSTANT EECKONEE, The, 

Showing the Value of any Quantity of Goods, including Fractional Parts of a 
Pound Weighty at any price from One Farthing to Twenty Shillings : with an 
Introduction, embracing copious Kotes of Coins, Weights, Measures, and other 
Commercial and Useful Information ; and an Appendix containing Cables of 
Interest, Salaries, Commission, &c. 24mo, Is, Gd, cloth ; or 28, leather. 

MURRAY, ANDREW and ROBERT. 

SHIP-BUILDING IN IRON AND WOOD. By Andrew Murray, M.I.C.E., 
Chief Engineer and Inspector of Machinery of H. M.*s Dockyard, Portsmouth ; 
and STEAM SHIPS, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. Second Edition, in 1 vol. 4to, with 28 Plates and numerous 
Woodcuts, price 14*. cloth. 

" Indispensable in the Ofl&ce of the naval architect." — Prtictical Mechanic's Jow'nal. 
"Ought to be in the hands of every shipbuilder or shipwright." — Sunderland Herald. 

NOAD, HENRY M., Ph.D., F.C.S. 

A MANUAL OF ELECTRICITY; includmg Galvanism, Magnetism, Dia- 
magnetism, Electro-Dynamics, Magno-Electricity, and the Electric Telegraph. 
By Henry M. Noad, Ph.D., F.C.S. , Lecturer on Chemistry at St. George's 
Hospital. Fourth Edition, entirely re-written. Illustrated by 500 woodcuts. 
In two Parts. Part I. Electricity and Galvanism. Part II. Magnetism 
and the Electric Telegraph. Complete in 1 vol. 8vo, 11. is. cloth. 
N.B. — The Second Part may be had separately, price lOs, 6d. cloth. 

**This publication fully bears out its title of* Manual.' It discusses in a satisfactory mann r 
electricity, frictional and voltaic, thermo-electricity, and electro-physiology. To diffuse con-ect 
views of electiical science, to make known the laws by which this mysterious force is regulated, 
which is the intention of the author, is an important tesk." — Athenceuni. 

*• It is worthy of a place in the library of every public institution, and we have no doubt it will 
be deservedly patronised by the scientific commumty." — Mining Journal. 

NEVILLE, JOHN. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS for finding 
the Discharge of Water from Orifices, Notches, Weirs, Pipes, and Rivers, By 
John Neville, Civil Engineer, M.R.I. A. Second Edition, with Extensive 
Additions, New Formulae, Tables, and General Information on Rain-fall, 
Catchment-Basinp, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. With numerous Woodcut?, 8vo, 16s. cloth. 

NORMANDY, A. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS; or 
Practical Instructions for the determination of the Intrinsic or Commercial 
Value of substances used in Manufactures, in Trades, and in the Arts. By A. 
Normandy, Author of "Practical Introduction to Rose's Chemistry," and 
Editor of Rose's ** Treatise of Chemical Analysis." Illustrated with woodcuts. 
Second and cheaper Edition, post 8vo, 98. cloth. 

" We recommend this book to the careful perusal of every one ; it may be truly aflBrmed to be of 
universal interest." — Medical Times. 

" The author lias produced a volume of surpassing interest, in which he describes the character 
and properties of 400 different articles of commerce, the substances by which they are too frequently 
adulterated, and the means of their detection." — Mining Journal. 

PYNE, GEORGE. 

PRACTICAL RULES ON DRAWING FOR THE OPERATIVE BUILDER 
AND YOUNG STUDENT IN ARCHITECTURE. By George Pyne,- 
Author of a Rudimentary Treatise on Perspective for Beginners. With 14 
plates, 4to, 7s. 6d boards. 

CONTENTS. 



1 . Practical Rules on Drawmg,— Outlines. 

2. Ditto, — ^the Grecian and Roman Orders. 

3. Practical Rules on Drawing,— Perspective. 



4. Practical Rules on Light and Shade. 

5. Practical Rules on Colour. 



?■ 
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RYDE, EDWARD. 

A OBK ERAL TEXT BOOK FOR ARCHITECTS, ENQINEERS, SUR- 
VEYORS. SOLICITORS, AUCTIONEERS, LAND AGENTS, AND 
STEWARDS) in all their Mrenl and yuiwl profassional oooapaiioiiB; and for 
the awiifcinoa and guidance of Country Gentlemen and others engaged in the 
Tranafer, Management, or ImproTement of Landed Property. Together with 
eiamplea of YiUae and Country Houaea. By Edward Rtdb, Oiyu Engineer 
and Land Sunreyor. To which are added aeveral chapters on Agricultttre 
and Landed Property, by Profewor DoiTAXoaoH, Author of several Works on 
Agriculture. With numerous erigcavings, in 1 thick vol* Syo, price 12. 8<. cloth. 



coMTuraa. 



Chap. I.'AiUTBiiBTir. 

Chap. II.— Plamb and Solid Oeometby. 

Chap. III.— Mensuratiok. 

Chap. IV.— Teioonometry. 

Chap. V. — Conic Sectionb. 

Chap. VI. — Land Meahurino. Including Tablo 
of Decimals of an Arc — Table of Land Mea- 
sure, by dimensions taken in yards. 

Chap. VI I.— Land Burvbyino. 1. Parish and 
Bstate Surveying — 2. Trigonometrical Survey- 
ing— S. Traverse Surveying— t. Field Instru- 
ments—the Prismatic Compass; the Box 
Sextant ; the TheodoUte. 

Chap. VIII.— Levelx-ino. Levelling Instru- 
ments. The Spirit Level; the Y Level; 
Troughton's Level ; Mr. Oravatt's Level ; 
Levying Staves — Examples in Levelling. 

Chap. IX. — ^Plottino. Embracing, the Circular 
Protractor— the T Square ana Semicircular 
Protractor — ^Plotting Sections. 

Chap. X. Computation or Areas. The Pedi- 
ometer— the Computing Scale— Computing 
Tables. 

Chap. XI. — Copying Maph. Including a de- 
scription of the Pentagraph. 

Chap. XII.— Railway Surveying. 1. Explora- 
tion and Trial Levels ; Standing Orders— 2. 
Proceedings subsequent to the Passing of the 
Act; Tables fur Setting out Curves; Tables 
fur Sotting out Slopes; Tables of Relative 
Gradients ; Specification of Works to be exe- 
cuted in the Construction of a Railway; 
Form of Tender. 

Chap. XIII.— Colonial Surveying. 

Cliiip. XIV. — Hydraulics* in connection with 
Drainage, Sewerage, and Water Supply — 
with Synopsis of Ryde's Hydraulic Tables— 
Specifications, Iron Pipes and Cast-iron Pipes 
and Castings ; Stone Ware Drain Pipes ; Pipe 
Laying, Reservoir. 

Chap. XV. — Timber Measuring. Tncludinff 
Timber Tables, Solid Measure, Unequal Sided 
Timber ; Superficial Measure. 

Chap. XVI.— Artificers' Work. 1. Bricklayers' 
and Excavators' — 2. Slaters'— 3. Carpenters' 
and Joiners'— 4. Sawyers' — 6. StonomHuons' — 
0. Plasterers' — 7. Ironmongers' — 8. Painters' 
9. Glaziers'— 10. Paper Hangers'. 

Chap. XVII. — ^Valuation of Ehtates. With 
Tables for the Purchasing of Freehold, Copy- 
hold, or Leasehold Estates, Annuities, and 
Advowsons, and for renewing Leases for 'Terms 
of Years certain, and for Lives. 

Chap. XVIII. — Valuation of Tillage and 
Tenant Right. With Tables for Measuring 

. and Valuing Hay Ricks. 

Chap. XIX.— Valuation of Farishe& 

Chap. XX. — Builders' Prices. 1. Carpenters' 
and Joiners'— 2. Masons'— 3. Bricklayers'— 
4. Plasterers' — 5. Ironmongers' — 6. Drainers' — 
7. Plumbers'— 8. Painters'— 9. Paper Hangers' 



and Decorators'— 10. Olasiers' — 11. Zinc 
Workers' — 12. Coppersmiths' — 13. Wire 
Workers'. 

Chap. XXL— Dilapidations and Nuisances. 
1. General Definitions — 2. Dilapidations by 
Tenants for Life and Tears — 3. Ditto by Mort- 
gagee or Mortgagor — I. Ditto of Fsrty Walls 
and Fences — 5. Ditto of Highways and 
Bridges— 6. Nuisances. 

Chap. XXII.— The Law bblatino to Appraisers 
AND Auctioneers. 1. The Law Relating to 
Appraisements — 2. The Law of Auction. 

Chap. XXIII. — ^Landlord axd Tenant. 1. 
Agreements and Leases-^2. Notice to Quit — 
S. Distress— 1. Recovery of Possession. 

Chap. XXIV.— Tables. Of Natural Sines and 
Cosines- For Reducing Links into Feetr— 
Decimals of a Pound Sterling. 

Chap. XXV.— Stamp Laws.— Stamp Dutiea— 
Customs' Duties. 
Examples of Villas and Country Houses. 

ON LANDED PROPERTY. 
By Professor Donaldson. 

Chap. I. — Landlord and Tenant — ^Their Position 
and Connections. 

Chap. II. — Lease of Land, Conditions and Re- 
strictions ; Choice of Tenant, and Assignation 
of the Deed. 

Chap. III.— Cultivation of Land, and Rotation of 
Crops. 

Chap. IV. — Buildings necessary on Cidtivated 
Lands — Dwelling Houses, Farmeries, and 
Cottages for Laboiu^rs. 

Chap. V. — Laying out Farms, Roads, Fences, 
and Gates. 

Chap. VI. — Plantations, Young and Old Timber. 

Chap. VII. — Meadows and Embankments, Beds 
of Rivers. Water Courses, and Flooded Grounds. 

Chap. VIII. — Land Draiidng, Opened and Co- 
vered — Plan, Execution, and AiTangement 
between Landlord and Tenant. 

Chap. IX. — Minerals, Working and Value. 

Chap. X. — Expenses of an Estate — Regulations 
of Disbiirsements— and relation of the appro- 
priate Expenditures. 

Chap. XI. — Valuation of Landed Property ; of 
the Soil, of Houses, of Woods, of Minerals, of 
Manorial Rights, of Royalties, and of Fee Farm 
Rents. 

Chap. XII.— Land Steward and Farm Bailiff ; 
Qualifications and Duties. 

Chap. XIII.— Manor Bailiff, Woodreeve, Gar- 
dener, and Gamekeei)er — Their Position and 
Duties. 

Chap. XIV.— Fixed Days of Audit— Half- Yearly 
Payments of Rents — Form of Notices. Re- 
ceipts, and of Cash Bouks, General Map of 
Estates, and of each separate Farm — Con- 
cluding Observations. 
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EICHAEDSON, WM. 

PACEINQ-C ASE TABLES ; showing the number of Superficial Feet in Boxes 
or Packing-CajBes, from six inches square and upwards. Compiled by William 
RiOHARDBON, Aocouutant, Author of " The Calculator, or^ Timber Merchants' 
and Builders' Guide." Oblong 4to^ doth, price 3«. 6d. 

** Makers and users of packing-cases will find these labour-saving tables invaluable. By their 
aid the number of superficial feet in a case of any dimensions can be ascertained in a moment.'' — 
The Ironmonger, 

RITCHIE, EOBT., C.E. 

A TREATISE ON VENTILATION, NATURAL AND ARTIFICIAL. 
By Robert Ritchie, C.E., Associate of the Institution of Civil Engineers, 
London ; Past Vice-President of the Royal Scottish Society of Arts ; Author 
of ** Railways, their Rise, Progress, and Construction;" '* The Farm Engi- 
neer, with Remarks on the Ventilation of Farm Buildings," and yarious Prize 
Essays on the Ventilation of Factories, Ships, &c., &c. With numerous plates 
and woodcuts. Svo. 8^. 6(2. cloth. 

** An interesting and extremely useful volume, in which the subject of ventilation is completely 
and exhaustively treated."— itfiwinij' Journal 

** This must continue to be for some time the text-book upon one of the chief difficulties of 
domestic architectural construction and of social hygienics." — Lancet. 

" Will be foimd exceedingly useful as a book of reference by all those interested in the subject of 
ventilation, whether applied to public or private buildings, mines, or ships." — Artizan. 

SHEILD, F. W. 

STRAINS ON STRUCTURES OF IRON WORK ; with Practical Remarks 
on Iron Construction. Second Edition, with 5 plates. Royal 8vo, price 5e., cloth. 

SIMMS, F. W., on LEVELLING. 

A TREATISE on the PRINCIPLES and PRACTICE OF LEVELLING, 
showing its application to purposes of Railway and Civil Engineering, in the 
Construction of Roads, with Mr. Telford's Rules for the same. By Fbederick 
W. SmMS, F.G.S., M. Inst. C.E. Fifth edition, revised and corrected with 
the addition of Mr. Law's Practical Examples for setting out Railway Curves, 
and Mr. Trautwine's Field Practice of Laying out Circular Curves. With 
7 plates and numerous woodcuts, 8vo, St. 6d. cloth. 
N.B. Trautwine on Laying out Circular Curves may be had separately, price 5s. 

SIMMS, F. W., ON TUNNELLING. 

PRACTICAL TUNNELLING; Explaining in Detail the Setting Out of tho 
Works ; Shaft Sinking and Heading Driving ; ranging the Lines and Levelling 
tmder Ground; Sub-Excavating, Timbering, and the Construction of the 
Brickwork of Tunnels ; with the amount of Labour required for, and the 
Cost of the Various Portions of the Work. By Fredk. W. Simms, F.R.A.S., 
F.G.S., M. Ins. C.E. Author of " A Treatise on the Principles and Practice of 
Levelling,*' &c. &c. Second edition, revised by W. Davis Haskoll, Civil 
Engineer, Author of "The Engineer's Field Book," &c. &c. With 16 large 
folding plates, and numerous woodcuts, imperial 8vo, 11. Is. cloth. 

SIMMS, F. W. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL AND DRAWING 
INSTRUMENTS employed by the Engineer, Architect, and Surveyor. By 
Frederick W. Simms, F.G.S., M. Inst. C.E., Author of " Practical Tunnelling," 
&c. &c. Third Edition, with numerous Cuts. 12mo, price ds. 6d. cloth. 

STEVENSON, THOS. 

THE DESIGN AND CONSTRUCTION OF HARBOURS. By Thomas 
Stevenson, F.R.S.E., M.I.C.E., reprinted and enlarged from the article " Har- 
bours" in the Eighth Edition of "The Encyclopaedia Britannica." With 10 
Plates and numerous Cuts, 8vo, 10«. 6d, cloth. 
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STUDENT S GUIDE, The, 

To the PRACTICE of DBBIQNINQ, MEASORINa, and VALUINQ ARTI- 
FICKR8* WORKS ; oonteioing directioiia for taking DimensionB, abatraoting 
tbo mm% and bringing the Quantitiea into Bill ; with Tables of Constants, and 
oopions memonuuU for the Valuation of Labour and Uaterials in the respec- 
tive trades of Bricklajar and Slater, Carpenter and Joiner, Sawyer, Stone- 
mason, Plasterer, Smith and Ironmonger, Plumber, Painter and Glazier, 
Paper-hanger. With 48 plates and woodcuts. The Measuring, kc., edited by 
Edwabd Dobsov, Architect and Surveyor. Second Edition, with the addi- 
tions on Design by E. Lact Qarbktt, Architect, together with Tables for 
Squaring and Cubing. In 1 yo1« 8to, 9«. extra cloth. 

TEMPLETON, w. 

the engineer's, millwright's, and machinist's practical 

ASSISTANT ; comprising a Collection of Useful Tabl/ss, Rules, and Data, 

Compiled and Arranged, with Original Matter, by William Templeton, 

Author of ''The Operative Mecluaiic's Workshop Companion." Third 

Edition, 18mo, 2$. 6d, cloth. 

** A perfect vade mecum for all engaged in mechanical puratilto.*' — Mechanic's Magazine. 
** Every mechanic should liecomo the poeiieaaor of the volume, and a more suitahlc present to an 
apprentice to any of the mechanical trades could not posdbly be made.** — Building Netos. 

TEMPLETON, W. 

THE OPERATIVE MECHANICS WORKSHOP COMPANION, and THE 
SCIENTIFIC GENTLEMAN'S PRACTICAL ASSISTANT; comprising a 
great variety of the most useful Rules in Mechanical Science, divested of 
mathematicfd complexity ; with numerous Tables of Practical Data and Calcu- 
lated Results, for facilitating Mechanical and Commercial Transactions. By 
W. Tbmpleton, Author of "The Engineer's, Millwright's, and Machinist's 
Practical Assistant." Ninth edition, including the Author's latest correc- 
tions, with the addition of Mechanical Tables for the use of Operative Smiths, 
Millwrights, Eogineers, &c., together with several useful and practical Rules 
in Hydraulics and Hydrodynamics, a variety of Experimental Results, and 
an Extensive Table of Powers and Roots. Eleven plates. 12 mo, 5& boimd. 

THOMAN. 

THEORY OF COMPOUND INTEREST AND ANNUITIES, WITH 
TABLES OF LOGARITHMS for the more difficult computations of Interest, 
Discount, Annuities, &c., in all their applications and uses for Mercantile and 
State purposes, with a full and elaborate introduction. By F^dob Thomak, 
of the Soci^t^ Credit Mobilier, Paris. 12mo, cloth, 68. 

"Avery powerful work, and the author has a very remarkable command of his subject." — 
Professor A. de Morgan. 
" We recommend it to the notice of actuaries and accountants." — Alhenaum. 

TIMES, JOHN, F.S.A. 

THE YEAR-BOOK OF FACTS IN SCIENCE AND ART. Exhibiting the 
most importsnt Improvements and Discoveries of the Past Year in Mechanics 
and the Useful Arts, Natural Philosophy, Electricity, Chemistry, Zoology and 
Botany, Geology and Mineralogy, Meteorology and Astronomy. By John 
TiMBS, F.S.A., Author of ** Curiosities of Science," "Things Not Generally 
Known," &c. With steel portrait and vignette, fcap., price 6«. cloth. 



This work, published annually, records the Proceedings of the Principal Scientific Societies, 

and is indispensable to all who wish to possess a faithful picture of the latest novelties in Science 
and the Arts. 

The volumes from 1861 to 1868, price 5s. each, are all on sale. 

TEAUTWINE, JOHN C. 

THE FIELD PRACTICE OF LAYING OUT CIRCULAR CURVES FOR 
RAILROADS. By John C. Trautwine, C.E., of the United States (extracted 
from Simms's Work on Levelling). 8yo, 6s. sewed. 
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TREDGOLD, THOS. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON and OTHER 
METALS; intended for the Assistance of Engineers, Iron-Masters, Mill- 
wrights, Architects, Founders, Smiths, and others engaged in the Construc- 
tion of Machines, Buildings, &c. ; containing Practical Rules, Tables, and 
Examples, founded on a series of New Experiments ; with an Extensive 
Table of the Properties of Materials. By the late Thomas Tbbdgold, Mem. 
Inst. O.E., Author of " Elementary Principles of Carpentry," *' History of the 
Steam-Engine," &c. Illustrated by several Engravings and Woodcuts. Fifth 
Edition, much improved, with Notes by Eaton Hodgeinbon, F.R.S.; to 
which are added EXPERIMENTAL RESEARCHES on the STRENGTH 
and OTHER PROPERTIES of CAST IRON; with the Development of New 
Principles, Calculations Deduced from them, and Inquiries Applicable to 
Rigid and Tenacious Bodies generally. By the Editor. With 9 Engravings 
and numerous Woodcuts. 8vo, 12«. cloth. 

*^* Hodqkinson's Experimental Researches on the Strength and Other 
Properties of Cast Iron may be had separately. With Engravings and 
Woodcuts. 8vo, price 6^. cloth. 

TREDGOLD, THOS. 

THE ELEMENTARY PRINCIPLES OP CARPENTRY ; a treatise on the 
pressure and equilibrium of timber framing, the resistance of timber, and the 
construction of floors, arches, bridges, roofs, uniting iron and stone with 
timber, &c., with practical rules and examples, to which is added an essay on 
the nature and properties of timber, including the method of seasoning, and 
the causes and prevention of decay, with descriptions of the kinds of wood 
used in building ; also numerous tables of the scantlings of timber for diffe- 
rent purposes, the specific gravities of materials, &c. By Thomas Tredgold, 
Civil Engineer. With fifty-three Engravings, a portrait of the author, and 
several woodcuts. Fourth edition, corrected, and considerably enlarged. 
Edited by Peter Barlow, F.R.S. In 1 large vol. Uo, 2L 2s. extra cloth. 

WEALE'S ENGINEER'S POCKET BOOK. 

THE ENGINEER'S, ARCHITECT'S, AND CONTRACTOR'S POCKET 
BOOK {Lockwood <fe Co.% formerly Wealds), published annually. With Diary 
OP Events and Data connected with Engineering, Architecture, and the 
kindred Sciences. 10 copper plates, and numerous woodcuts. In roan tuck, 6s. 

** There is no work published by or without authority, for the use of the scientific branches of 
the services, which contains anytiiinglike the amount oi admirably arranged, reliable, and useful 
information. It is really a most solid, substantial, and excellent work ; and not a page can be 
opened by a man of ordinary intelligence which will not satisfy him that this praise is amply 
deserved." — Jrmi/ and Navy Qazftte. 

"The assignment of the late Mr. Weale's * Engine6)^i Pocket Booh ' to Messrs. Lockwood & Co., 
has by no means lowered the standard value of the work. It is too well known amongst those 
for whom it is si)ecially intended, to need more from us than the observation that this continua- 
tion of Mr. Weale's series of Pocket Books well sustains the reputation the work has so long 
enjoyed. Every branch of engineering is treated of, and facts, figures, and data of every kind 
abound." — Mechanic's Magazine. 

"It contains a large amount of information peculiarly valuable to those for whose use it is com- 
piled. We corcdaUy commend it to the engineering and architectural professions generally." — 
Mining Journal. 

WEALE'S BUILDEKS AND CONTRACTOE^S PEICE 

BOOK (published annually). See page 4. 

WEALE'S SERIES OF RUDIMENTARY SCIENTIFIC 

• AND EDUCATIONAL WORKS. At prices varying from Is. to 7s. 6d. 

*^* This excellent and cheap series of books, comprising more than 200 different 
-works in almost every department of Science, Art, and Education, is recom- 
mended to the notice of Mechanics' Institutions, Literary and Scientific Asso- 
ciations, Schools and Students generally, and also to Merchants, Shippers^ &c 

Lists may he had on application to Messrs. Lockwood & Co. 
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WHEELER, JOHN. 

THE APPRAISER, AUGTIOKEER, HOUSE AGENT, AND HOUSE 
BROKER'S POCKET ASSISTANT, for the Talnaiioii, purchmse, and the 
rtnewing of LeMat, Anniiltiei, RerenioDi, and of Plroperty genenlly ; prices 
for iiiTeiitoriei, with a Guide to determine the Talue of the interiors, fittings, 
farnitore, Slc Bj Jon Wholib, Ysloer. 24mo, cloth hosrds, 2$. M. 

WICKES, C. 

A HANDT BOOK OF VILLA ARCHITECTURE ; heing s Serial of De- 
signs for Vills Reeidencos in Vsrious Styles. With Detailed Specifiostions and 
Estimates. By C Wickbs, Arohitect, Author of " The Spiret and Towen of 
the ICediaval Churches of England," fto. First aeries consiatiiig of 80 plates, 
second series, 81 platea. Complete in 1 vol. 4to, price 21. 10«. half morocco. 

\* The Moond series may he had separately, price 11. 7«. half morocco. 

WIGHTWICK, GEORGE, Architect. 

HINTS TO TOUNG ARCHITECTS: comprising advice to those who, while 
yet at school, are destined to the profession ; to such as, having passed their 
pupUsge, are ahout to travel ; and to those who, having completed their 
education, are about to practise. By Gkobos Wiohtwiok, Architect, author 
of " The Palace of Arohiteoture," ftc. ko. Second Edition, with numerous 
woodcuts. 8to, 7«i extra doth. 



MK. HASKOLL 8 HEW WORK. 

Just published, with 14 folding plates and numerona woodcuts. Demy Svo, price 

12a. 6d.f doth. 

LAND AND MARINE SURVEYING, in reference to the Preparation of Plans 
for Roads and Railways, Canals, Rivers, Towns' Water Supplies, Docks and 
Harbours; with Description and Use of Surveying Instruments. By W. Davis 
Haskoll, C.E., Author of *'The Engineer's, Mining Surveyor's, and Contractor'a 
Field Book," ke. 

NEW VOLUME OF HVMBEB'S BECOBD OF EHOIHEEBnTG. 

Nearly ready, Imperial 4 to, with 86 double plates, drawn to a large scale, and Photo- 
graphic Portrait of John Fowler, Esq., President of the Institution of Civil 
Engineers. Price £8 S«., half morocco. 

A RECORD OF THE PROGRESS OF MODERN ENGINEERING FOR 1866. 
Comprising Civil, Mechanical, Marine, Hydraulic, Railway, Bridge, and other 
Engineering Works, &c. By W. Humbbb, Assoc Inst. C.E., and M. Inst. M.E. 
Author of ** A Complete and Practical Treatise on Cast and Wrought-Iron Bridge 
Construction." 

TSiaONOMETEIGAL SU&TETING. 

Third edition, revised and much improved. With 10 plates and 113 Woodcuts. 

Royal 8vo, price 12<., cloth. 

AN OUTLINE OF THE METHOD OF CONDUCTING A TRIGONOMETRICAL 
SURVEY, for the Formation of Geographical and Topographical Maps and 
Plans, Military Reconnaissance, Levelling, &c., with the most useful Problems in 
Geodesy and Practical Astronomy, and Formulae and Tables for Facilitating their 
Calculation. By Colonel Fbome, Royal Engineers, F.R.A.S. and Assoc. Inst. C.E., 
late Surveyor-General of South Australia and Mauritius. 
*^^• LocKWOOD & Co. have just purchased the entire stock of this standard work. 
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